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EDITORIAL 


THE SPOILSMAN TRIUMPHANT 


URING recent years great gains on 
5 a broad front have been made in 

forest conservation. At some im- 
portant points, however, the line has not 
held. At others, the conservation forces 
have been routed completely. At the mo- 
ment, the strategical position of the forest 
conservation forces is hard to determine. 
They may advance to a smashing victory. 
They may suffer crushing defeat. The 
spoilsman has extended his operations to 
the conservation forces. How successful 
he will be remains to be seen. Only one 
thing is certain—the capacity of the con- 
servation forces to serve the American 
people fearlessly, honestly, and efficiently 
will vary inversely with the spoilsman’s 
success. 

Much has been said and written con- 
cerning the extension of the spoils system 
to certain jobs in the Forest Service. 
Great apprehension is felt concerning the 
ultimate effects on the Forest Service of 
the so-called reorganization bill if passed 
in its present form. It is not pleasant 
to contemplate what the passage of the 
bill might do to the spirit and morale of 
the Forest Service. Important though that 
may be to foresters, it is only a short 
chapter in a long story. The truth is that 
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in the Seventy-fifth Congress spoils and 
spoilsmen were triumphant. Civil Service 
now faces a death struggle. Careers in 
government service may soon be a relic of 
the horse and buggy days. 

Many events occurred during the clos- 
ing of the session to indicate the direction 
of the movement of the tide. The Rams- 
peck bill to put all postmasters under 
Civil Service passed the House but not 
the Senate. The so-called reorganization 
bill contemplates the removal from the 
classified Civil Service of any office or 
position which the President finds is pol- 
icy determining in character. Congress 
failed to act on the report of the Presi- 
dent’s committee on administrative man- 
agement which would have greatly 
strengthened the Civil Service. Senate 
conferees on the housing bill were told 
by House members that the House was 
determined hereafter to keep larger jobs 
open to political pull—only the smallest 
jobs were to be under Civil Service. Sena- 
tor Walsh had previously predicted that in 
the future all Civil Service provisions 
would be eliminated from bills by “the 
other legislative branch.” The Senate roll 
call on a proposed amendment to the 
“sunk” hours and wages bill putting em- 


ployees under patronage should have 
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warmed the heart of even the most ardent 
spoilsman. 

In short, the Seventy-fifth Congress did 
little or nothing to advance the Civil 
Service and merit system. It aided and 
abetted the spoilsman. It made numerous 
exemptions from Civil Service rules. It 
attempted to establish a one-man Civil 
Service administration headed by a sin- 
gle Civil Service administrator appointed 
by the President and to abolish the office 
of the present three Civil Service Com- 
missioners. These are the contributions 
of the Seventy-fifth Congress to Civil Serv- 
ice reform, to efficiency in government, to 
the abolition of the costly patronage sys- 
tem. 

The political job seeker, the job dis- 
penser, and the spoilsman should be 
greatly encouraged by this performance. 
The sober-minded citizen, more interested 
in decent, efficient government than in 
maintaining the status quo, a new deal, 
lowering taxes, raising taxes, rightist pro- 
grams, leftist programs, or what-have-you, 
has cause for real alarm. The principles 
for which he stands seem to have been 
largely liquidated. 

For over three years the League of 
Women Voters and other influential or- 
ganizations had been carrying on an in- 
tensive program for Civil Service reform. 
The public at long last appeared to have 
been aroused to the necessity of extending 
the merit system in government and of 
curbing the spoilsman. Congressional can- 
didates for the House and Senate alike 
promised to support Civil Service reform 
measures. Some progress had been made 
during the Seventy-fourth session. Mr. 
and Mrs. Average Citizen had some cause 
for optimism. The stage was set. Merit 
in government service was to be rewarded; 
the spoilsmen were to be given the “air”. 
Decent citizens wanted it. Candidates for 
political office assured them it would be 
done. The performance of the Seventy- 
fifth Congress is a burlesque of democratic 
government and institutions. Foresters 


JOURNAL OF FORESTRY | | 


need not feel that the particular servicer 
in which they are interested was singled 
out for special consideration. The spoils 
man extended his sphere of influence 
through the entire fabric of government/ 
No one political party is responsible fort 
what transpired. Neither Democrats nor 
Republicans; neither conservatives nor 
liberals as a group gave more than lip, 
service to the Civil Service reforms dee 
manded by the American people. 
What, if anything, can foresters do ta 
help correct existing conditions? It is 
clear that certain things should not be¢ 
done. It is equally clear that certai 
things should be done. — First, foresters 
should avoid making this a party issue 
It does not appear at the moment that 
progress in Civil Service reform will 
result from partisan political activity 
Secondly, foresters should affiliate them) 
selves with non-partisan organizations 
genuinely interested in Civil Service re 
form. In such groups their influence 
may be felt; alone they are powerless: 
Thirdly, foresters must recognize that i 
a democracy there is a place for a cer 
tain number of so-called political appointt 
ments. Under the American system 0) 
government no one in his right minc 
would deny the right of the President 0) 
the Chief Executives of the several state: 
to appoint to certain offices men symi 
pathetic with their ideals and objectives: 
The question at issue is where this righi 
stops and the field of action of the spoils: 
man begins. Lastly, foresters shoul¢ 
constantly strive to maintain the characte? 
of their public service at the highest pos: 
sible level. In the last analysis thers 
can be no sound argument for maintain 
ing a Civil Service unless those who ar 
given the high privilege of serving thi 
public under its provisions do so mort 
effectively and efficiently than the politica 
appointee. At the moment this is th 
most important duty of every forester ii 
public employ. Here we have both ai 
individual and a group responsibility. 
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WATERSHED MANAGEMENT SYMPOSIUM 


Denver, Colo., June 21-23, in connection with the one-hundredth meeting of 

the American Association for the Advancement of Science. Joint sessions were 
held with Section M (the engineering societies affiliated with the Association) and 
with the Hydrology Section, American Geophysical Union. The general theme of 
the papers presented at these sessions was watershed management with particular 
reference to its economic and social importance in the Rocky Mountain region, the 
various scientific aspects of watershed management, soil stabilization, and control of 
stream flow. 


; | ‘HE first summer meeting of the Society of American Foresters was held in 


No one can read the papers presented at the session without being impressed 
with the complexity of the watershed management problem and, if the public is to 
be served best, the necessity for close cooperation and mutual understanding between 
all workers in the field. 


It is to be noted that considerable disagreement exists concerning the relative 
importance of certain factors in watershed management. This is only to be expected. 
It is more than probable that as research brings new facts to light it will be neces- 
sary to modify or even to discard many existing opinions and theories. 


Through the courtesy of those presenting papers at the session and of the Secre- 
tary of the Hydrology Section of the Geophysical Union the Editor of the JouRNAL 
oF Forestry is privileged to publish all of the available papers present at the 


symposium. 


The Economic and Social Value of Watershed Management.—Cuar.es A. Lory. 
A New Epicycle of Erosion.—ReEep W. BaILey. 


Precipitation and Run-off in Relation to Altitude in the Rocky Mountain Re- 
gion.—F. C. Harr. 


Natural Vegetation as a Factor in the Losses and Yields of Water.—JosePH 
KITTREDGE, JR. 


Hydrologic Aspects of the Problem of Stabilizing Streamflow.—Rosert E. 
Horton. 


Stabilizing Streamflow as Viewed by a Forester.—C. L. Fors.ine. 
Laboratory Measurement of Evapo-Transpiration Losses.—R. L. PARSHALL.* 
Land Use Patterns Needed in Watershed Management to Control Erosion and 


Stabilize Streamflow.—W. C. LowpERMILK. 


The Editor regrets that it has been found impractical to publish the numerous valuable 
figures accompanying this manuscript. 
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THE ECONOMIC. AND SOCIAL VALUE OF WATERSHED 
MANAGEMENT 


By CHAS; JA] EORY 
President, Colorado State College 


ATER is as necessary to life as 

\) the air and food. Under control 

it carries health and energy io 
city, hamlet, and farm. Out of control it 
holds the elements of destruction and 
devastation. 

The conservation and the maximum 
utilization of water consistent with other 
natural resources is the objective of wa- 
tershed management. 

Man can do little to change the climate, 
geological structure, and the topography 
of a watershed, but through changes in 
the soil and vegetation he can materially 
affect watershed losses and run-off. 

Under the greater precipitation of the 
eastern United States, the consumptive use 
of water by plants and people leaves a 
large surplus, and watershed management 
is concerned primarily with disposing of 
this surplus. 

Under the limited rainfall of the West, 
water is the limiting factor of plant 
growth and of civilization, and watershed 
management is concerned entirely with the 
conservation of water supplies for domes- 
tic use and plant growth. Here there is 
little surplus of water, usually a shortage. 
The doctrine of riparian rights of the East 
is replaced by the doctrine of appropria- 
tion for domestic use, for irrigation, and 
for power. “First in time, is first in right,” 
and beneficial use of the water supply is 
the basis of a water right. 

This discussion seeks to show the value 
of watershed management, in the region 
of limited rainfall in the West, as illus- 
trated by the development in Colorado. 

The early settlers of the West, coming 
from areas of greater rainfall and unac- 
quainted with the climate of the region, 
knew little of the importance of water- 
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sheds, and less of the possibility of water- 
shed management. 

The miner was concerned only with ob- 
taining the necessary water for his camp 
and mining operations, and gave little 
thought to the effect of stripping adjacent 
mountainsides for lumber and mining 
timber, and its effect upon stream flow. 

The stockman had to learn through 
costly experience the devastating effects of 
over-grazing. 

The farmer, under a small irrigation 
ditch in the valley of a stream, with an 
abundant water supply, was too busy mas- 
tering the rudiments of irrigated agricul- 
ture to concern himself about the distant 
source of his water supply. 

Successive groups of settlers on the 
plains learned through bitter experience 
that the methods of growing crops in the 
humid region of the East could not be 
used successfully in a region of twenty 
inches or less of annual rainfall. 

Settlement and development in hoth 
irrigated 
proceeded on methods of trial and error. 
Progress was rapid in years of good water 
supply. Years of drought brought heavy 
losses and difficult, often desperate, efforts 
at adjustment. 

Watershed management on the plains 


is concerned primarily with control of 


flash floods due to occasional torrential 
rains. Quick run-off from over-grazed 
range and from cultivated areas results in 
destructive sheet and channel erosion. Re- 
cent work by the Soil Conservation Serv- 
ice is demonstrating the value of con- 
trolled grazing for increasing the vege- 
tative cover, and of terraces and contour 
furrows to increase infiltration and check 
run-off. Check dams in gullies and spreader 


and non-irrigated agriculture — 
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furrows are proving valuable in conserv- Anglo-Saxon settlers farther north, it had 


ing run-off. 

Listing across the direction of the pre- 
vailing wind and contour listing to con- 
serve moisture are giving encouraging re- 
sults in reducing wind erosion in the so- 
called dust bowl. 

The plains farmer must practice farm 
_ watershed management. He must save as 
much as possible the rainfall on his farm 
for his crops and pastures. In fact, upon 
his ability to do this depends his success 
in growing crops and forage. 

He must contend against water erosion 
and against wind erosion. He is subject 
to large variation in the annual rainfall, 
and knows the effects of favorable years 
and the disastrous results of drought. He 
cannot use the well prepared seed bed, 
considered so necessary by the farmers in 
the humid region, but protects his soil 
from blowing with a rough or cloddy cov- 
ering, by listing across the direction of the 
prevailing winds and by straw and other 
vegetative covering as available. With 
summer fallowing, contour furrows and 
terraces, he holds his allotment of rainfall 
on the land and accumulates two years of 
supply for the use of his crops. 

The plains of Colorado contain many 
examples of wrong land use and of farm- 
ing practices not adapted to the region. 
They also show the results of good farm 
watershed management by farmers who 
collectively grew 17,359,000 bushels of 
corn on 1,835,000 acres, and 5,820,000 
bushels of small grain on 782,980 acres 
in 1933. Similar progress is shown by 
the non-irrigation farmers of the other 
western states. 

Spanish settlers, in Texas, New Mexico, 
Arizona, and California followed the prac- 
tice of Spain in their irrigation. The gov- 
ernment of Mexico in its grants of land 
included areas of irrigable land, areas 
that would produce crops in favorable 
years and an area for range. While this 
development antedated by a century and 
a half the development of irrigation by 


little influence on the pioneer irrigators 
in California, Utah, and Colorado. 

Here, also, because of the difficulties of 
travel and communication, development 
was largely local, and wide variation in 
irrigation practice and the laws governing 
water rights persists in the various states. 
Two decades of rapid development in irri- 
gation and the building of irrigation 
canals ending in 1890 were followed by 
an almost equally long period of litiga- 
tion over water rights and the building 
of storage reservoirs in the areas of lim- 
ited supplies, to hold early run-off and 
occasional summer floods for future use. 
Five and a half million acre feet of 
stream flow are produced in eastern Colo- 
rado in the basins of the South Platte, the 
Rio Grande, the Arkansas, the North 
Platte, and the Republican rivers. Here 
reservoirs for storing spring run-off, wa- 
ters brought from other watersheds 
through transmountain diversion, return 
waters or seepage stored in reservoirs in 
the winter for use the following summer, 
and use of ground water supplies by 
pumping, supplement the stream flow. 

Certain favored areas still depend upon 
direct stream flow for irrigation water. 
For example, of the seventeen and a half 
million acre feet of stream flow produced 
in Colorado annually, twelve million acre 
feet are produced on the western slope of 
the Rocky Mountains in the Colorado 
River basin. In the valley of the Colo- 
rado, irrigation is entirely dependent 
upon stream flow. The waters of the 
Uncompahgre Project, the pioneer recla- 
mation project developed by the Bureau 
of Reclamation, will soon be supplement- 
ed by storage waters from the Taylor Park 
Reservoir. 

With the waters of nearly every stream 
over-appropriated, expansion of the irri- 
gable area of the West has been very slow. 
Each section is seeking to supplement its 
water supply, either through storage, or 
use of ground water or diversion from an- 
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other river basin having a surplus supply. 
Much attention is being given, particularly 
in California and Utah, to increasing the 
duty of water through better methods of 
application. 

Irrigation development on the upper 
and lower reaches of interstate streams 
soon threatened general litigation between 
the states. Differences were adjusted and 
composed for the time being through in- 
terstate compacts. The two-state compact 
between Colorado and Nebraska on the 
waters of the South Platte; the three-state 
compact between Colorado, New Mexico, 
and Texas on the waters of the Rio 
Grande; the two-state compact between 
Colorado and New Mexico on the waters 
of the La Plata, and the seven state com- 
pact on the waters of the Colorado be- 
tween Colorado, New Mexico, Utah, Wyo- 
ming as upper basin states, and Arizona, 
California, and Nevada as lower basin 
states, which Arizona refused to ratify, are 
examples. Efforts of Colorado, Nebraska, 
and Wyoming to agree on a three-state 
compact on the waters of the North Platte 
have not been successful. 

The general interstate water situation 
has been further complicated for upper 
basin states by the decision of the United 
States Supreme Court, in a suit brought 
by Wyoming against Colorado, involving 
the transmountain diversion from the 
Laramie River to the Cache la Poudre 
River. This decision nullified the conten- 
tion of Colorado that all water rising 
within its borders belonged to the state, 
and definitely established the principle 
that priority of appropriation on inter- 
state streams was independent of, or 
crossed state lines. 

This decision has stimulated a careful 
check-up on the water rights of interstate 
streams and a positive effort on the part 
of upper basin states to use any surplus 
waters they may have through immediate 
appropriation for supplemental use, or 
through the expansion of their irrigable 
areas. 
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The value of irrigation on lands on the 
Platte in Nebraska has stimulated a vigor- 
ous defense of its rights in this river and 
a large increase in its irrigated area. The 
development on the lower Rio Grande in 
Texas is exercising strong pressure for 
more water from the upper river. Recent 
developments on the lower Colorado in 
California practically absorb the rights 
claimed by California under the Colorado 
River compact. 

The growth of cities has emphasized 
both the importance of present water sup- 
ply and the need of providing for addi- 
tional future supplies. Throughout the 
West cities are striving to protect their 
water supplies through purchase of early 
rights, by building additional storage and 
through diversion from distant water- 
sheds, often at great expense. Under these 
conditions it is but natural that munici- 
palities, canal companies, and individual 
water users should be interested in water- 
shed management and the possibility it 
holds for conserving, perhaps increasing, 
their water supplies. 

The major source of water supply in 
the West is snow on the high mountain 
ranges. During winter, snow accumulates 
on this watershed from four to six months. 
With the approach of summer, this snow > 
begins to disappear; stream flow increases, 
storage reservoirs fill and ground water in 
the mountain valleys and slopes is re- 
plenished so that streams can be fed by 
springs through the heat and drought of 
the summer. 

It is estimated that approximately 80 
per cent of the stream flow in Colorado is 
produced on about 25 per cent of the total 
land area of the state. 

The importance of a timber cover to re- 
tard the spring run-off and its influence in 
maintaining stream flow throughout the 
summer was learned early through disas- 
trous experience following the clearing of 
mountainsides for lumber, and the destruc- 
tion of thousands of acres of forests by 
forest fires. 
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Early settlers still remember their utter 
helplessness when forest fires raged in the 
mountains with no state or federal means 
for control. Fortunately, through the 
establishment of the National Forests and 
the vigorous and effective work of the 
U. S. Forest Service, fire protection was 
established. People of the West were 
shown the public and individual loss in 
forest fires, and the primary essential of 
watershed management; namely, the pre- 
vention of forest fires and means for con- 
trol were provided. 

The next development, also by the For- 
est Service, was to show the value of vege- 
tative cover and how to protect this 
through controlled grazing. This was not 
brought about without opposition and 
wide differences of opinion. 

The practice of the Forest Service in 
cutting only mature trees and in guarding 
against forest fires in logging operations 
influenced the practice of timber cutting 
on private lands, encouraged greater care 
in logging, in the disposal of waste, and 
in the protection of young timber. 

Recently the efforts of the Forest Serv- 
ice to control erosion have been supple- 
mented by those of the Soil Conservation 
Service. Their joint efforts should make 
mountain farmers as conscious of the dan- 
gers of erosion as of the dangers of fire. 

We look forward to the day when the 
mountain farmer (the plains farmer also) 
who plants row crops up and down the 
slope, who does not protect his land with 
terraces, contour furrows, and_ other 
proven practices for the control of ero- 
sion, will be looked upon with the same 
public disapproval that now is shown the 
man who endangers the forest by careless- 
ness with his campfire. 

Investigations indicate the possibility of 
delaying spring run-off through gradual 
change in the vegetative cover. If so, this 
procedure, supplemented by high altitude 
storage reservoirs, would add millions to 
the value of our water supply for late 
irrigation. 
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A recent economic survey of six hun- 
dred fifteen thousand acres of irrigated 
land in the South Platte basin in Colo- 
rado, by the U. S. Bureau of Reclamation, 
the Irrigation Investigations Division of 
the Bureau of Agricultural Engineering, 
the Works Progress Administration, the 
State Planning Commission, and the Colo- 
rado Agricultural Experiment Station, 
shows an average annual loss of $4,700,- 
000 in crop production due to insufficient 
water supplies, and a difference of $19,- 
082,497 in crop value between the year of 
adequate water supply and the year of 
lowest supply in the ten year period of 
1925 to 1934, inclusive. Any increase in 
water supplies will produce approximately 
the same per cent of increase in crop 
yields. A study by G. S. Klemmedson, of 
the Colorado Agricultural Experiment Sta- 
tion, shows that one million dollars’ worth 
of water in this same area produces crops 
valued at thirteen to forty-four million 
dollars a year, depending on the kind of 
crop. 

The people of Colorado are realizing 
more and more the importance of their 
mountain watershed, comprising 17,140,- 
000 acres of peaks and ranges heretofore 
valued more for their sublime scenery and 
for a summer range for livestock and wild 
life than as the source of water for mu- 
nicipalities and for 3,393,000 acres of 
irrigated lands, composing 52 per cent of 
all the farms of the state, valued at 
$309,265,000, and served by irrigation 
structures valued at $87,603,000. 

Some other western states have pro- 
gressed farther in watershed management 
than Colorado, and the entire West is giv- 
ing more and more attention to the con- 
servation of its water supplies through 
such management. 

The responsibility for regulation of wa- 
ter and watersheds is well presented in a 
preliminary report on the water resources 
of Colorado by Charles A. Connaughton, 
in charge of Watershed Management Re- 
search, Rocky Mountain Forest and Range 
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Experiment Station, of the U. S. Forest 
Service. The following quotation is taken 
from Mr. Connaughton’s report. 

“Utilization of surface water has al- 
ways been under direction and regulation 
of the state government. Colorado early 
recognized the importance of regulated 
use of water and perfected a code of 
workable water laws which have served 
as a guide for other states facing a simi- 
lar task. This code provides essentially 
that established and beneficial use of a 
given quantity of water properly adjudi- 
cated constitutes an inviolable right of 
appropriation. Priority of appropriation 
is based on seniority of established rights 
and duration of rights depends largely on 
whether or not beneficial use of the water 
is made. This legislation has proven very 
satisfactory. 

“Regulated use of watersheds, on the 
other hand, has not followed such definite 
procedure and management of important 
water yielding areas with water produc- 
tion in mind has been neglected except by 
the federal government with the U. S. 
Forest Service taking the lead. On the 
13,543,000 acres of National Forest land 
in Colorado, including most of the im- 
portant watershed areas, a system of regu- 
lated use planned to protect watershed 
values has been practiced for more than 
30 years. A few mistakes resulting in im- 
pairment of watershed utility have oc- 
curred on the National Forests but, as a 
whole, utilization of the various resources 
has not damaged the water yield. It is 
not generally recognized that the National 
Forests while comprising only a_ little 
more than 20 per cent of the total area of 
the state produce from two-thirds to three- 
fourths of the usable streamflow. In view 
of the dependency of the welfare of the 
state on the watersheds of the National 
Forests the U. S. Forest Service is making 
every effort to investigate attendant prob- 
lems and evolve a scientific basis of wa- 
tershed management. 

“Recently the Soil Conservation Service 
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has become active in erosion control and | 


run-off retardation on agricultural lands | 
and is pointing the way toward more sat- 
isfactory utilization on this class of prop- 
erty. With the exception of the demon- 
stration work of the Soil Conservation 
Service, little has been done toward regu- 
lation of private and state owned land on 
important watershed areas. Some individ- 
uals, recognizing the need for conserva- 
tive management, have imposed self-regu- 
lation on their lands with considerable 
success and economic return, but many 
have not been in a position or are with- 
out inclination to do other than exploit 
their land for the greatest and most im- 
mediate financial return. 

“In general, watershed management 
and regulation on a large scale is beyond 
the realm of private responsibility. No 
man should be judged too harshly for fol- 
lowing some practice that unwittingly 
damages the water supply of some stranger 
a hundred miles or more distant. Nor 
perhaps should the state government be 
held directly responsible for regulated use 
of watersheds because rivers cross state 
lines and the office worker in Los Angeles 
may be as dependent on the Colorado 
River as the irrigationist at Grand Junc- 
tion. Watershed regulation is really a 
national problem and logically should be 
the responsibility of the federal govern- 
ment, though the state can aid greatly 
with helpful and specific legislation and 
private individuals can be of real assis- | 
tance by handling their lands properly. 

“Regardless of who or what agency 
takes the lead in watershed management 
and regulation, there must be unity of ac- 
tion. 
tion Service, National Park Service, In- 
dian Service, Division of Grazing, State 
Board of Land Commissioners, State Ag- 
ricultural College, State Planning Com- 
mission and other public and _ private 
agencies must coordinate their activities 
and interests to perfect a well rounded 
program of watershed regulation. In 


The Forest Service, Soil Conserva- | 
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_ stream flow regulation and improvement 


_ the state, Geological Survey, Reclamation 
Service, and Army engineers must pool 
their forces and work toward a common 
end that assures maximum utilization of 
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waters and flood prevention. To secure 
coordinated action a water conservation 
commission maintained as an integral part 
of the state government would be ex- 
tremely helpful.” 


A NEW EPICYCLE OF EROSION 


By REED W. BAILEY 


Intermountain Forest and Range Experiment Station 


NEW epicycle of erosion has been 
A initiated in this land of ours since 

settlement, the like of which has 
not previously occurred since the glacial 
epoch of the Pleistocene. Soils that were 
once stable on agricultural lands are now 
being rapidly removed from relatively 
large areas. Accelerated run-off is trench- 
ing graded valleys that were previously 
deeply filled with alluvium, and slopes 
are being gullied and stripped of their 
mantle by the unleashed degrading forces 
of wind and water. 

These abrupt changes in the gradational 
processes have been recognized by many 
investigators who point out, on the basis 
of soil surveys and related studies, that 
approximately one-half of our farm lands 
have been lost or are losing valuable top- 
soil. Similar soil losses on extensive 
areas of forest and range lands and seri- 
ous flood damage from abnormal run-off 
have been observed by numerous other in- 
vestigators as reported in “The Western 
Range” (2) and in “A National Plan for 
American Forestry” (1). 

This new epicycle may be relatively in- 
significant from a geological standpoint 
but it is of vital concern to us today be- 
cause the attendant soil losses, flood dam- 
age, and decreased usefulness of water sup- 
plies are seriously affecting the national 
welfare. Therefore, from a control stand- 
point as well as because of scientific in- 
terest, it is important that we become 
thoroughly familiar with the character, 


extent, causes, and potentialities of this 
new epicycle. 

However, the factors effecting this new 
epicycle are not always readily discern- 
ible. For one thing, the accelerated ero- 
sion and abnormal run-off that charac- 
terize this new epicycle follow the same 
laws of gradation as do normal erosion 
processes. Moreover, we know that normal 
erosion is proceeding very slowly in some 
places, while in others it is progressing 
with noticeable rapidity. As a basis for 
understanding this new epicycle, there- 
fore, it is essential first, to distinguish ac- 
celerated from normal erosion; and sec- 
ondly, to be able accurately to ascribe 
the causes. 

In these particulars it is well known 
that the net results of gradation are re- 
corded in the profile of the land surface 
and in the structure and composition of 
the materials deposited. Accordingly, just 
as physiographers interpret the history of 
the gradational processes of the past 
through observations of earth forms, so 
should comparable evidence — together 
with an analysis of the factors contribut- 
ing to erosion potentials—be significant in 
understanding the character and causes of 
this new epicycle. 


Op Erosion EPIcycLes 
In view of the similitude between many 


aspects of accelerated and normal erosion, 
it is well to approach the subject of this 
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new epicycle by considering first some of 
the fundamentals of old, or normal ero- 
sion and the gradational processes and 
potentials characterizing them; for, as 
Nageli so aptly put it, “A correct under- 
standing of a thing can be gained only by 
a knowledge of its beginning as well as 
its ending.” 

In a complete cycle of erosion, during 
which a land mass is reduced by erosion 
from an elevated condition to a base level, 
there may be many interruptions or 
changes in the continuity of gradation. 
Streams may be rejuvenated resulting in 
accelerated cutting that changes the gra- 
dient of valleys and mountain slopes, or 
they may become aggrading, thus filling 
up their valleys. These changes may be 
initiated as the result of diastrophism, 
which increases the gradient of streams; 
by climatic change, which may result in 
either increased or decreased run-off; or 
by the destruction or modification of the 
plant cover, or combinations of these fac- 
tors. Regardless of cause, the period be- 
tween these inierruptions is known as an 
epicycle and whether there are few or 
many in a complete erosion cycle, the 
processes within each are comparatively 
uniform, giving rise to definite topo- 
graphical and depositional characteristics. 

To illustrate, at the time of the Pleisto- 
cene, the erosion cycle had reached differ- 
ent stages of development on different 
parts of the earth’s crust. This ‘process 
was interrupted by the coming of the ice 
age, when glaciers—both continental and 
alpine in character, together with swollen 
streams and modified air currents — re- 
shaped land forms and indelibly recorded 
an epoch superimposed upon the general 
erosion cycle. 

With the passing of the glacial epoch, 
occasioned no doubt by climatic change, 
gradational processes were again altered. 
‘Certain streams were rejuvenated while 
others, shrunken in size or incumbered 
and overloaded with debris produced by 
the glaciers and the glacial climate, were 
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made to deposit their loads; consequently, 
valleys were filled and alluvial plains © 
built up. Moreover, with the passing of © 
the glaciers and the lakes that were con- 
temporaneous with them, streams incised 
themselves into the deltas and other lacus- 
trine deposits which had been formed in 
the lake waters. More recently, also, 
streams in certain areas have been reju- 
venated locally by post-Pleistocene fault- 
ing, such as has occurred along sectors of 
the Wasatch Front. Other evidence re- 
corded in the alluvium of certain valleys 
of the Colorado Plateau and elsewhere in 
the Southwest tell of streams that have 
changed their habits several times, alter- 
nating from aggrading to degrading dur- 
ing the post-Pleistocene epoch. Notwith- 
standing these interruptions, the profile of 
watersheds and the nature of the deposits 
along the flood plains and at the mouth 
of canyons, which we see today, indicate 
rather generally that the processes which 
produced these profiles and deposits have 
been uniformly progressive. In all parts 
of the continent these processes have cre- 
ated many graded slopes, both on moun- 
tainsides and in valley bottoms. 


Erosion POTENTIALS 


While it is significant in considering the 
new epicycle to visualize a general sta- 
bility in our land surface, it is equally 
important to recognize that erosional proc- 
esses of varying rapidity and consequence 
are continuing to operate today as in the 
geologic past. We know, for example, 
that erosion is proceeding so slowly on 
some areas that soil is being formed or 
accumulated slightly more rapidly than it 
is being removed. We know, too, that in 
other areas such as Bryce Canyon, Utah, 
in certain Mancos shale areas in Colorado 
and Utah, in the Chinle badlands of Ari- 
zona, in the breaks of the Missouri River 
and in the badlands of the Dakotas, cli- 
matic and geological conditions have pre- 
vented the fixing of the land surface by 


.' 


? 


soil formation and plant growth. In these 


drainages, run-off always has been rapid 
and normal erosion pronounced, giving 


rise to muddy and highly fluctuating 


streams. 


Our knowledge of the reasons for the 
variability of erosion potentials is woe- 
fully meager to date, although detailed 
studies on a few areas and observations 
on others are enlightening. We are rea- 
sonably sure, of course, that disastrophism 


and climatic change, together with atten- 


dant alterations in the plant and soil man- 
tle, are motivating forces in starting epi- 
cycles of erosion. Once started, we are 
reasonably sure, also, that the rapidity or 
slowness of gradational processes in a 
given epicycle is controlled by the extent 
to which slopes are altered and the cli- 


- mate and surface mantle are changed, and 


mantle developed from it. 


by the resistance to weathering and other 
characteristics of the rock and the soil 
Furthermore, 
a change in or the dominance of one or 
more of these factors may obscure or 
nullify the effect of the others. 


Highly significant information in this 
connection has recently been obtained on 
the coarse granitic mountain soils of 
southern Idaho, where, in order to analyze 
the causes of a serious erosion problem, it 
was necessary to isolate and evaluate each 
of several contributing factors (7). Care- 
fully controlled experiments in this area 
revealed that an increase in rainfall in- 
tensity from .03 inch to .06 inch per 
minute—with the total amount of 1.80 
inches constant in all cases — increased 
run-off one-third and erosion two-thirds. 
Forty per cent slopes yielded one-fifth 
more run-off and nearly 314 times more 
eroded material than thirty per cent 
slopes. Soil disturbance, similar to that 
which occurs by the trampling of grazing 
animals, resulted in only a very slight in- 
crease in run-off, but caused 1.7 times 
more erosion than occurred in undis- 
turbed soils. Of greater significance, it 
was also found that seriously depleted 
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range areas as compared to those support- 
ing a vigorous stand of the original peren- 
nial bunchgrasses yielded approximately 
150 times more surface run-off and 2,500 
times more eroded material. Thus, these 
studies clearly indicate that the soil of 
this area is not only subject to rather 
rapid removal by the uncontrollable fac- 
tors of high intensity rainfall and steep 
topography, but also that this process is 
greatly accentuated by trampling of the 
soil and particularly by depletion of the 
plant cover. 


While plant cover has been found to be 
an important factor on the granitic soils 
of Idaho, observations on other areas re- 
veal that in spite of severe plant cover 
depletion run-off and erosion potentials 
may be very low because of such less ap- 
parent factors as soil characteristics and 
rock formations. For example, the Des- 
chutes River in Oregon is known to be 
one of the most uniformly flowing rivers 
in the United States, notwithstanding that 
the plant cover on a large part of the 
drainage is severely depleted. Here, ap- 
parently, the influence of plant cover on 
the regimen of the stream is of relatively 
little significance when compared with 
the character of the soil and underlying 
rock, both of which are exceedingly por- 
ous and permit rapid infiltration. 

The glacial till that characterizes exten- 
sive portions of abused areas in northeast- 
ern United States is similarly effective in 
maintaining a low surface run-off and ero- 
sion potential for that region. 

On the Kaibab Plateau, which probably 
receives as much as 60 inches of precipi- 
tation annually, there are no_ living 
streams and surface run-off is negligible. 
On this area, water quickly sinks into and 
through solution channels in the Kaibab 
limestone which caps the plateau, to ap- 
pear at lower elevations as springs. A 
somewhat comparable situation is known 
to prevail on the Coconino Plateau, differ- 
ing mainly in that the underlying forma- 
tion is of porous lava. 
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HicH PoTENTIAL 


As compared to these, the potential of 
other areas may be very high because of 
different physiographic and climatic con- 
ditions. It is well known, for example, 
that the breaking of the sod on the Great 
Plains, together with the alternating effects 
of drought and high rainfall intensities, 
make this area especially vulnerable to 
wind erosion as well as to soil losses 
from surficial run-off. 

Soil losses from agricultural lands are 
also extensive and serious in the Piedmont 
Plateau Province of the southwest. Here, 
heavy rainfall, prolonged and severe frost 
action, and highly erosive soils on the up- 
lands and on the steep slopes of valleys 
draining them, all combine to make the 
erosion and run-off potential of this area 
extremely high. 

The forest and range lands west of the 
100th meridian comprise another portion 
of the United States on most of which 
gradational potentials are not only high 
but also extremely variable, thereby com- 
plicating the analysis of erosion prob- 
lems and the planning of control measures. 

The complexity of the situation in the 
West arises chiefly out of the diverse cli- 
matic, topographic, geologic, and plant 
cover conditions found on the dissected 
mountain ranges and interspersed valleys 
which characterize this area. To illustrate, 
it is typical on local areas of this region 
for aridity to prevail in the lower valleys 
and foothills, while more humid condi- 
tions obtain at high elevations, with fur- 
ther differences occurring in the micro- 
climate and edaphic conditions on con- 
trasting slopes and aspects. The many 
different gradational potentials created by 
combinations of these factors obviously 
are too numerous to be discussed here in 
detail, but it is important to point out 
how certain of these contributing factors 
tend to make this area one of great hazard. 

An important aspect of erosion poten- 
tials in the West and one that’ has re- 
ceived only meager attention, is the char- 
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acter and stability of the mountain soils. | 
These soils are the product of weathering ; 
and plant succession. Unlike the obscure 
identity of some of our agricultural soils, 
they often reflect very definitely the char- 
acteristics of the parent material, and on 
the surface, at least, the character of the 
plant cover. Shale, limestone, quartzite, 
granite and other rocks, for example, each 
produce talus and soils of specific physi- 
cal properties and these inherent proper- 
ties, together with climate and plant cover 
influences, have given rise not only to 
typical soil structures but also to charac- 
teristic slopes or land form profiles which 
commonly are very steep. Observations 
have revealed, moreover, that due to un- 
dercutting by streams or steepening by up- 
lift and accumulation of colluvial mate- 
rial from outcrops above, a soil mantle is 
now present in many areas on slopes. 
which are steeper than the angle of re- 
pose of the soil and rock material. Ob- 
viously, the only way the surface soil 
mantle could have been formed on these 
overly steep slopes, or retained during the 
steepening period, or held in place today 
against the force of gravity and the vicis- 
situdes of climate, is because of the pres- 
ence and binding effect of a plant cover. 

Thus, notwithstanding the apparent sta- 
bility of our land surface today, we must 
recognize that gradation, either slow or 
rapid, always has been a dominant proc- 
ess on the earth’s crust; also that in many 
areas and particularly on the mountainous 
lands in the West, the factors or elements 
that control gradation are in a delicate 
equilibrium. 


MANIFESTATIONS OF THE NEw EPpiIcycLe 


Because of a disturbance of this equilib- 
rium, we are now witnessing on certain 
areas in all regions of the United States 
an abrupt change in the normal erosional 
processes. Through the action of wind 
and water, the alluvium of graded valleys 
is being deeply trenched, the soil is being 
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‘stripped from formerly stable slopes and 


reversal of gradational processes has been 
concomitant excessive deposition is occur- 


recognized by such geologists as Gregory 


‘ring on the aggrading areas. In short, we 
are witnessing a new epicycle on land sur- 
faces that had been graded and relatively 
stable for thousands of years. It is with 
the perplexing problems caused by quick- 
ened run-off from these areas and the de- 
structive accelerated erosion accompany- 
‘ing it that we are most vitally concerned, 
and not the so-called normal erosion that 
has throughout Millenia sculptured and 
molded the face of the earth. 

Evidence of this new epicycle of erosion 
is common in the West, especially in Utah 
on certain parts of the Colorado Plateau 
Province and along the west front of the 
Wasatch Range. In these places physio- 
graphic evidence is observable which not 
only substantiates the occurrence of ac- 
celerated gradational processes, but which 
also clearly indicates the causes. 

The New Epicycle of the Colorado Pla- 
teau.—The Colorado River drainage has 
long been recognized as one of the most 
rapidly eroding areas in the United States. 
In this area, not one, but many factors 
contribute toward making it one of very 
high erosion potential. The topography 
is youthful, being characterized by a se- 
ries of step-like benches through which 
streams have cut deep and steep walled 
valleys, many of which are deeply filled 
with silts and sands. The soil on the 
slopes and the valley fills, derived mostly 
from Mesozoic and Cenozoic sandstones 
and shales, low in cohesive properties, is 
therefore highly susceptible to erosion. 
Moreover, the climate is characterized by 
extremes: high temperatures and _ long 
rainless periods that permit the develop- 
ment of only a scanty plant cover on the 
middle and lower elevations, alternating 
with periods of frost that loosens the soil, 
and sudden storms of high intensity that 
produce rapid run-off. 

Evidence has been uncovered, however, 
revealing widespread stream rejuvenation 
in this already rapidly eroding area. A 


and Moore (8) and Kirk Bryan (6), whose 
observations show that the present degrad- 
ing habits of the streams are of compara- 
tively recent origin. Other examinations con- 
ducted by the Intermountain Forest and 
Range Experiment Station during 1931 to 
1934 revealed that 111 of the 115 major 
tributaries of the Colorado and Green Riv- 
ers above Lees Ferry, together with the 
Virgin River, Kanab Creek and Johnson 
Wash, are cutting deep channels, scouring 
bedrock, and rapidly removing the valley 
alluvium. Concurrent with these exten- 
sive observations, detailed physiographic 
and historical studies (3) are highly signifi- 
cant, since they not only substantiate the 
occurrence of new and widespread chan- 
neling, but also reveal the cause. 


In these critical studies it was observed 
that the recent deep cuts in the drainage 
areas often traverse the entire width of a 
valley and expose the materials of the 
valley fill in cross section. The exposed 
alluvium is predominantly sand, but in 
places contains considerable clay and a 
little gravel. The stratified, laminated, 
cross-bedded, ripple-marked and colored 
appearance of this material clearly indi- 
cates the streams to have been anastomos- 
ing over the valley floors, depositing their 
load in thin layers. Humic horizons, 
varying from a trace to over two feet in 
thickness, occur interstratified with the 
sands and clays, recording the existence 
of meadows and swamps for long periods 
at different times during stages in the up- 
building of the valley floor. 

In some areas prehistoric channeling of 
the alluvium is definitely reflected in the 
remains of old terraces along the sides of 
valleys and in the presence of erosional 
unconformities exposed in the walls of 
the freshly cut channels. The new chan- 
nels, however, not only have cut more 
deeply than ever before into the valley 
fill—in many places scouring to bedrock 
—hbut they are more extensive, channeling 
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valleys in which there are no old uncon- 
formities in the sediments. 

In the narrow valley along Kanab 
Creek, near the town of Kanab, Utah, for 
illustration, several old erosion channels 
are exposed in the banks of the recently 
formed wash which is 90 feet deep and 
from 200 to 300 feet wide. In this gorge, 
all of the exposed old erosion channels 
are definitely higher than the present 
channel bottom. Moreover, in the upper 
reaches of this same drainage, a broad 
valley is being deeply channeled by sev- 
eral washes working back by headward 
erosion. Here there are no terraces to 
mark higher stages of valley filling nor 
erosional unconformities in the exposed 
alluvium of the channel walls, clearly in- 
dicating that upper Kanab Valley is now 
being channeled for the first time since the 
beginning of the aggrading cycle. 

Johnson Valley, 12 miles to the east of 
Kanab Creek and Kitchen Valley, a trib- 
utary of the Paria, are being trenched in 
a similar manner and here again the new- 
ly exposed alluvium shows no evidence of 
previous disturbance. 

The cause of this speeding up of grada- 
tional processes in the Colorado drainage 
area has been the subject of much specu- 
lation in which connection diastrophism, 
climatic change and the depletion of plant 
cover have been advanced as possible mo- 
tivating factors. Let us consider each of 
these in the light of existing evidence. 

Diastrophism has been advanced as a 
possible cause of this epicycle, doubtless 
on the basis that the changes in gradient 
resulting from uplift are conceded to be 
one of the major factors in starting new 
epicycles in the geologic past. However, 
the accelerated cutting that is occurring 
with equal magnitude on different drain- 
ages that traverse the region in all direc- 


tions, would require such a delicate ad- 


justment of uplift that diastrophism as a 
cause does not seem tenable. 

Climatic change has also been suggested 
as a cause, predicated, no doubt, upon the 
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a time at least, in greater degradation, 
Climatic records for this area show naj 
distinct change in climate. These records4 
however, cover only a relatively short 
period and may not be truly indicative of 
the present as compared to the recent past| 
climate. Climatological measurements are( 
not, however, the only reliable indicators; 
of climatic change. Among the best of 
other indicators are changes in gradational| 
processes themselves, providing other 
possible factors, such as the effects in ther 
reduction of gradient by aggradation, the 
accumulation of a soil mantle and a vege- 
tative cover, are eliminated. Bryce Canyo 
in Utah and the badlands near Chinle: 
Arizona, afford an opportunity for suc 
observations, since it is well known that 
these areas have never been under vege 
tative control and are not subject to run- 
off from other vegetated watersheds. 

Observations in these areas revealed evi- 
dence of rapid run-off and much deposi- 
tion, as might be expected of naturally 
barren areas in that locality, but there 
was no evidence of deepened channels nor 
enlarged deposits, however, clearly indi- 
cating that a change of climate sufficient 
to disturb the gradational processes in 
the region has not occurred. 

The only known general change in the 
factors influencing the gradational equilib- 
rium of this region is the widespread 
modification and destruction of the plant 
cover (2). 

That destruction and modification of the 
plant cover has been sufficient to suggest 
the probability that such a change con- 
stitutes a major cause of the new epicycle 
is borne out not only by the well knowr 
seriously depleted condition of the plan 
cover but also by the sequence of flood: 
in many parts of this region which have 
foitlowed settlement. Gregory, who prob 
ably knows the plateau better than any 
other geologist, gives many dates of set 
tlement and the beginning of channeling 


which emphasize this relationship in his 


description of the Kaiparowits Region of 


a, 


Utah. He also states that “The effect of 
‘grazing, especially over grazing, on run- 


_ off and stream trenching is obvious. The 
net result of the interference by man with 


the delicately adjusted streams is an in- 
crease in amount of surface water and 


number of intermittent springs, accom- 


panied by a destruction of forage and of 
arable land.” 

Kirk Bryan also shows post-settlement 
origin for the new cutting in most of the 
valleys considered, by listing the dates of 
channeling and periods of settlement over 
large areas of the Colorado Plateau Prov- 
ince. In practically all instances chan- 
neling began in these valleys within a few 
years after the dates of settlement. For 
example, St. George, the first settlement 
on the Colorado River drainage in Utah, 
was established in 1861. Herds, how- 


ever, were moved north on to Santa Clara 


Creek and the mountain meadow country 
during the next two years, because of the 
“necessity of finding more feed for the in- 
creasing livestock.” Nine years later 
(1870). the mountain meadows on both 
the Virgin River and the Great Basin 
drainage began to erode vigorously. Kanab 
and Long Valleys were settled in 1868, 


_while channeling began in 1883, or 15 


years later. Paria, a settlement on the 
middle section of Paria River drainage, 
was settled in 1871, and has since been 
abandoned because of the destruction of 
the arable land by floods which began in 
1883 and 1884. The settlement on the 
Upper Paria was established between the 
years of 1875 and 1878. Since 1890, 
floods have destroyed much land and made 
dificult the maintenance of both roads 
and irrigation canals. Escalante, farther 
east on the Escalante River, was settled 
in 1875, and 15 years later channeling 
of the valley flats was in progress. Kitchen 
Valley, a tributary of the Paria, only 15 
miles above the abandoned town of Paria, 
was converted into cattle ranches much 
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later, but since 1915 a new channel in the 
valley fill, in places 40 feet deep, has 
cut through half the length of the valley, 
destroying shallow lakes and draining 
much meadow land. 

The erratic climate, the nature of the 
topography, and the character of the al- 
luvium constitute a high run-off and ero- 
sion potential which was translated into 
devastating floods and accelerated erosion 
when the balance of gradation was broken 
by the depletion of the plant cover. 


THE New EPIcycLe In BONNEVILLE BASIN 


Just as physiographic and plant cover 
observations, together with historical rec- 
ords, proved helpful in interpreting the 
character and causes of a new epicycle in 
the Colorado Plateau Province, so also 
have similar investigations been enlighten- 
ing in the analysis of recent abnormal 
floods along the Wasatch Front in North- 
ern Utah (4). Here, first in 1923, again in 
1930, and more recently in 1936, mud- 
rock flows issued from several of the 
short, steep canyons between Salt Lake 
City and Willard, depositing boulders 
weighing as much as 300 tons and other 
debris on valuable community property 
at the base of the mountain. 

In this area, the profile of land surfaces 
at the base of the mountain front has been 
distinctly characterized by the presence 
and recession of ancient Lake Bonneville. 
Here, the presence of deltas, with their 
distinct profiles, other lacustrine deposits, 
and subsequent alluvial debris provide a 
basis for segregating the deposits accord- 
ing to the time of their construction; 
namely, whether pre-Bonneville, Bonne- 
ville, or post-Bonneville. Using the posi- 
tion and character of these three age 
classes of material as a criterion, obser- 
vations revealed that the recent floods in 
several canyons of this area cut to extraor- 
dinary new depths in the previously un- 
disturbed sands and gravels of the deltas 
and terraces of ancient Lake Bonneville. 
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They also deposited quantities of debris 
and sediment on the former bottom of the 
old lake far in excess of the previous nor- 
mal rate of deposition, thus indicating 
these new floods to be unprecedented, at 
least in modern times. 

Through further observations, the source 
of these floods was found to be relatively 
small areas in the headwaters which in re- 
cent times had been depleted of vegetation 
and plant litter chiefly by overgrazing, but 
to some extent by fire. While numerous 
freshly cut gullies testified to rapid run- 
off from the depleted “sore spots,” there 
was no indication of accelerated run-off 
from adjacent and interspersed well-vege- 
tated areas which unquestionably received 
the same amount of rainfall. Such evi- 
dence precludes climatic change as a cause 
and clearly indicates that the new epicycle 
of erosion on these areas, like that in 
many sections of the Colorado drainage, 
is due primarily to the destruction of 
plant cover. 

On the basis of this interpretation of 
the character and causes of the recent 
floods in this locality, control measures 
that include contour trenching (5) and arti- 
ficial revegetation to prevent surface run- 
off from so-called sore spots in the head- 
waters, have now been applied success- 
fully. These control measures proved 
highly efficient in preventing the recur- 
rence of disastrous floods during 1936 
when measured storms of similar intensity 
caused mud-rock flows in comparable ad- 
jacent watersheds that had not yet been 
placed under control. 

There are other areas along the Wasatch 
Front where normal gradational processes 
always have been rapid and where control 
works would be futile. Near Willard, 
next to Willard Canyon, about 30 miles 
north of Ogden, for example, unrestrained 
run-off from a small watershed charac- 
_terized by extensive areas of barren rock 

in the headwaters, has produced an allu- 
vial fan sufficiently large to obliterate all 
trace of the deltas and terraces that were 
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developed during the time of Lake Bonne- 
ville. Notwithstanding that this canyon is 
only about one-tenth the size of Willard 
Canyon to the north, which until recentl 
has been under vegetative control, the al- 
luvial fan at its mouth is larger than the: 
one developed from deposits out of Wil- 
lard Canyon up to the time the latter 
flooded. 


In 1923 and 1936, a short span of 13 
years, mud-rock flows that originated on 
severely burned and overgrazed areas in 
the headwaters issued from Willard Can- 
yon to form an alluvial fan larger than 
the cone that had been developing since 
the recession of Lake Bonneville many, 
thousands of years ago. While the con- 
trol measures now being applied io the 
headwaters of Willard Canyon afford rea-: 
sonable assurance of being effective, as 
have been efforts on somewhat compar- 
able drainages in Davis County to the: 
south, similar measures would be futile on: 
some other rapidly eroding areas in this: 
region which never have been under vege-: 
tative control. On these watersheds man-. 
made schemes to subdue run-off and ero- 
sion would be as fruitless of success as: 
was the attempt of King Canute, who: 
stood on the seashore and tried to halt 
the ocean tides by a spoken command. 
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Here again is emphasized the impor- 
tance of recognizing accelerated erosion 
and run-off—distinguishing it from nor- 
mal rapid erosion—and of properly 
ascribing causes. For on the one hand, 
should normal rapid erosion be mistaken 
for accelerated erosion, man-made schemes 
and plans for control would be futile, 
while on the other hand, an erroneous 
conception of the causes of accelerated 
erosion may result in control works that 
are worse than useless. To illustrate, if 
the misuse of land was an important con. 
tributing factor to the recent floods in the 
Mississippi and Ohio River Valleys, then 
if those who are designing control mea. 
sures do not include an adequate consid 
eration of this fact, their efforts will be 


fruitless of success. As Mark Twain has 
said, “one might as well bully the comets 
n their courses and undertake to make 
them behave as to try to bully the Missis- 
sippi into right and reasonable conduct.” 
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' PRECIPITATION AND RUN-OFF IN RELATION TO ALTITUDE IN 
THE ROCKY MOUNTAIN REGION 


By bs CHART 


U. S. Bureau of Reclamation 


LL those who are familiar with condi- 
A tions throughout the southern 
Rocky Mountain region know from 
personal experience that precipitation, and 
the run-off resulting therefrom, increases 
at higher altitudes. In this paper, the re- 
lation between aliitude and precipitation 
and run-off will be briefly presented. 

It seems unlikely that any satisfactory, 
simultaneous relationship can be estab- 
lished for the variation of both precipita- 
tion and run-off with altitude. For that 
reason, they will be treated separately 
here. 


PRECIPITATION 


Records of the U. S. Weather Bureau 
stations, maintained throughout the moun- 
tainous area of the southern Rocky Moun- 


tain region, clearly show the increase of 
precipitation with increase in altitude. But 
because of the effect of such influences as 
shape of basin, exposure of slopes, rela- 
tion to adjacent mountain masses, and 
orientation to storm paths, the relation of 
precipitation to altitude varies for differ- 
ent areas. In Figure 1 is shown the loca- 
tion of the three areas considered in this 
discussion. Tables 1, 2, and 3 and Figures 
2, 3, and 4 show the average annual pre- 
cipitation with respect to altitude for the 
three different areas. 

Nothing in the physical features of the 
area adjacent to the Colorado River below 
Glenwood Springs (Area I in Figure 1) 
appears to be conducive to precipitation in 
large quantity, and the rate of increase 
of precipitation is fairly uniform for in- 
crease in altitude. 
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Fig. 1—The location of three experimental areas to determine the relation of precipitation to 
altitude. 
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‘The drainage area of the Fraser River 
2 Area II in Figure 1), a tributary of the 
Golorado, lies just to windward of the 
rest of the Continental Divide, and in the 
lee of a large mountain mass. The pre- 
sipitation in this area bears a different 
relation to altitude than in the area to the 
west below Glenwood Springs. The in- 
srease is more pronounced with increase 
in elevation, and is greater for the same 
altitude. 

_ The headwaters of the San Juan River 
area in Colorado and New Mexico (Area 
(iI in Figure 1) show a still different 
rend. Here the precipitation at the lower 
altitudes is greater in amount, though at 
he higher altitudes it is nearly the same 
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in amount as for the Fraser River. It is 
probable that, if records were available 
at elevations of 13,000 feet or above on 
the San Juan and the Fraser, the average 
annual precipitation would be practically 
equal, approaching the maximum possible 
at extreme elevations. 

The altitude - precipitation data were 
checked by determining the consumptive 
use or water loss for the drainage area 
above the gaging stations. Since consump- 
tive use is equal to average precipitation 
minus run-off, the run-off in inches depth 
over the drainage area was subtracted 
from the weighted mean precipitation as 
determined from curves. 

The consumptive use as determined for 


TABLE 1 
PRECIPITATION RECORDS FOR COLORADO RIVER AREA BETWEEN GLENWOOD SPRINGS AND PALISADE, 
COLORADO 
Precipitation Altitude 1922 1923 1924 1925 1926 Mean 
station 
nak a es 6175 ay La io}e 9.42 12.47 12.97 11.83* 
EDIT, “ee 6000 16.11 17.40 TSe3o) 7a 15.89 16.45 
Belumbine Ranch 6925 21.54 25.48 19.61 25.33 22.14 22.82 
BIpTOK Cys rs. at 6600 6.03 9.9" 6.0° 10.5° as 7.99 
ee ce 5025 7.02 9.82 5.94 8.81 7.04 st) 
slenwood perinae a LE 5823 21.04 16.37 12.09 212 LS 1G Lilie 
yunnison 7670 6.36 13.54 8.45 9.54 10.97 9.77 
okey. eee eee 6500 12.86 15.46 11.38 2215 14.42 15.37 
res Le eee eh 4729 8.37 8.31 9.29 10.72 IiyAal 9.58 
At ee ee 5694 24.80 16.62 13.84 17.04 15.14 17.69 
i 10.81 10.12 9.76 13.0° Lo 11.04" 
13.66 18.63 12731 15.50 14.48 14,92 
*Partly estimated. 
*Estimated by comparison with nearby stations. 
TABLE 2 
PRECIPITATION RECORDS FOR HEADWATERS REGION OF FRASER 
RIVER IN COLORADO 
*recipitation Altitude 1909 1910 1911 1912 1913 1914 1915 1916 Mean 
station 
i ae EG OO m5 O 32D OO MEE 42502 50 Oswee 2e  eeeee 47.80" 
rand Lake _.._.. BS Seo 74 eel O5mee 12 OOM 19 220 19S5eenloote = LEST 16:63) 16:87 
ipruce Lodge 9,600 36.12 26.02 29.93 36.03 29.28 25.07 32.74 30.50 30.70 
Monee B:S00. Sees ORR WOM apek 14.57 13.54 14.94 18.63 15.70' 
BRIBCT tr 8,671 23.5? BER — TR = OSE FIO. BIS) ER = pares I) 
Medcliff 2: 8,608 22.94 20.00 29.01 82,02 922.62, 21.32, 16:83" 22:56 23.41 
. Ss 8,800 19.19 15.56 18.78 15.72 12.32 18.29 1658 22.59 17.38 
mea 7.884 16.19 1056 1390 17.78 12.86 23.0° 17.11. 23.09 16.81 


*Mean estimated by comparison. 


"Estimated from nearby stations. 
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cially those showing the average monthly 
flow. During the winter months, there is 
little variation, as most of the flow is due 
to the draining out of residual water held 
in storage in the ground from the pre- 
vious season. As the season advances, ris- 
ing temperatures at the lower altitudes 
start the run-off from the low snow, while 
at higher elevations little increase is noted. 

By the month of May, run-off has begun 
in the high altitudes, and the lower snow 
is melting at a rapid rate. In June, the 
snow at the lowest elevations has melted, 
but rains help to keep up the run-off, and 
the high snow is running off rapidly. By 
July, the contribution from the lower 
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| 
areas has dwindled considerably, and, é| 
though the peak of run-off has passed, tl 
snow reserves up high in the mounta 
are still contributing some run-off. Fi 
the rest of the season, the effect of t 
percolation into the ground of the wat 
from the heavier snows at the high ele 
tions has its effect in keeping the unit ru: 
off greater than at lower elevations, whe 
there was not so much moisture to be hes 
in the soil to drain out later. 

The results. presented here are not cos 
clusive, but are illustrations of the tyy 
of relations that have been establish 
thus far for the variations of precipitatic 
and run-off with change in altitude. 
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Fig. 6.—Left: relation of run-off to mean altitude of the drainage area during individual years 
1916-1925 inclusive. Right: the same relationship by months, 1916-1925 average. 


_ NATURAL VEGETATION AS A FACTOR IN THE LOSSES AND 


pa: YIELDS OF WATER 


By JOSEPH KITTREDGE, Jr. 


Division of Forestry, University of California 


HE losses of water from a water- 
Ties, which are caused or _influ- 
™® enced by the vegetation, include in- 
srception of precipitation by the crowns 
nd transpiration and evaporation direct- 
y from the soil. Of the other factors in 
he equation of the water cycle, precipita- 
ion, excluding interception, and deep 
eepage into the rock strata are not ap- 
reciably influenced by vegetation. Then 
he yield of water measured as stream- 
low is inversely proportional to the sum 
f interception, transpiration and evapora- 
ion. 

Natural vegetation is notably variable 
nd the variation includes at one extreme 
he minimum cover found after a clean 
urn and, at the other, the dense mature 
limax forest. All the intermediate con- 
itions of size, age, density and composi- 
ion may often be found in the same wa- 
arshed. On a clean burn soon after the 
re, interception and transpiration may 
e zero, and evaporation from the soil is 
ta maximum. Under the dense shade of 
forest canopy and the protective cover- 
1g of a well developed forest floor, evap- 
ration is at a minimum and may be only 
4, per cent of the amount that might be 
und in the same situation if the soil were 
ully exposed (5). The evidence is quite 
onclusive that the losses by direct evapo- 
ation from the soil are negligible below 
depth of about one foot. (12). At the field 
loisture capacity, the upper foot of a soil 
f high apparent specific gravity may hold 
; much as 2 inches of water, subject to 
yaporation. The loss is increased by the 
mount of precipitation in light rains at 
1ort intervals with intervening periods 
orable for evaporation, and by that 
art of heavier rains which is retained in 


the upper foot of soil. As the vegetation 
grows larger and denser, evaporation di- 
minishes while interception and transpira- 
tion increase. Because, with changes in 
the vegetation, evaporation changes in the 
opposite direction from interception and 
transpiration, it is essential that they be 
kept separate by foresters who are con- 
cerned with the management of the vege- 
tation. 

Evidence is accumulating as to the mag- 
nitudes of interception in different parts 
of the country and under different condi- 
tions of forest cover. In well developed 
stands of Douglas fir in the Pacific North- 
west the interception expressed as a per- 
centage of the summer precipitation has 
been found to be as high as 43 per cent(10). 
I have obtained figures equally high for 
the winter interception of snow by dense 
stands of white fir on the west slope of 
the Sierra Nevada Mountains. For average 
forest conditions over large areas the sea- 
sonal inte:ception will usually run_be- 
tween 10 and 25 per cent of the precipi- 
tation and may approach zero where the 
vegetation has been heavily grazed, or cut, 
or burned. 

Transpiration is the most difficult of the 
three sources of loss to evaluate because 
it is a physiological as well as a physical 
process. The available data are chiefly 
for small plants grown in pots or tanks 
and are expressed as water transpired per 
unit of leaf area or of dry matter pro- 
duced. Transpiration ratios for Colorado 
and Arizona vary from 359 for Engelmann 
spruce (9) to 982 for limber pine (2), with 
intermediate values for five other species. 
Such figures from pots or tanks cannot 
be used to estimate water use per acre be- 
cause the conditions in tanks are not the 
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same as those in the field. The results 
of such application are always too high 
and may be two or three times too high. 
This is probably associated with the find- 
ing that any disturbance of the normal 
life processes of a plant increases its water 
requirement (11). 

Another troublesome factor in the eval- 
uation of losses by transpiration is the 
soil moisture. Transpiration probably 
does not vary with changes in soil mois- 
ture until a part or all of the soil con- 
tiguous to the roots is dried out to or be- 
low the permanent wilting point. In the 
West, however, most of the mountainous 
areas above the stream bottoms have part 
of the soil of the root zone at or below 
the permanent wilting point for a part of 
the growing season. This tends to restrict 
transpiration and also evaporation. 

The rate of transpiration loss may also 
be determined directly from small plants 
or cut branches or from branches in place 
by drawing air of known humidity 
through an enclosing container and mea- 
suring the moisture content of the out- 
flowing air. It may be noted, however, 
that the container is almost certain to 
modify some of the physical factors so 
that transpiration within and without is 
not the same. 

All of the foregoing methods and some 
others less promising have been tried. All 
require multiplication by a factor to con- 
vert the results to the total transpiration 
per acre. This factor depends on the rep- 
resentativeness of small samples when ap- 
plied to all the trees or plants on an 
average acre. If seedlings are used the rate 
of transpiration is not the same as for 
larger trees. The rate also varies between 
new leaves and old leaves and between 
sun leaves and shade leaves. A large 
problem in sampling is involved which 
has not yet been adequately solved. 

If the transpiration ratios from seed- 
lings in pots previously cited are used, 
further indications may be obtained. For 
Engelmann spruce, with a low ratio of 
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359, a low growth rate of 30 board fe! 
per acre per annum and using a factor « 
15 to convert board feet to total dry m 
ter, the annual transpiration would be 0! 
inch. Toward the other extreme, ponderos 
pine with a ratio of 810 and a maximu 
growth on the best sites of the west slop 
of the Sierra of 900 board feet per ac 
per annum, would use 48.4 inches. T 
transpiration ratio of 810 should probab: 
be halved to correct from pots to natur 
areas and further reduced because of th 
favorable site, so that the maximum tra 
piration is probably nearer 16 than ¢ 
inches. 

Similar figures of transpiration p 
unit of leaf area indicate that the rate 
water use during the growing season 
ries from 2 to 5 grams per square cen 
meter per day (2,13). If the growing s 
son is 4 months and the ratio of leaf ar 
to ground area, 3.6, as determined for a < 
year stand of ponderosa pine in Calif 
nia, the seasonal use of water would 1] 
less than 4 inches. But if the ratio is) 
grams per square centimeter per day, th 
growing season 5 months and the ratio - 
leaf area to ground area, 17.6, as in eas 
ern white pine, the seasonal transpiratic 
becomes 56 inches. Again dividing by 
to convert to natural habitats, the ran; 
is from 1 to 19 inches. Obviously sue 
figures have little scientific value where : 
large a correction factor must be assume 
but they have some interest in indicatir 
the wide range of values which may |] 
expected with different types, stands ar 
environments. 

Such figures as are available indica 
that the annual transpiration for fores 
will usually be between 5 and 15 inche 
It might be as high as 35 inches for lar; 
dense stands on the best sites and wou 
approach zero as the vegetation becar 
smaller and sparser. Widely cited Eur 
pean figures give annual transpiration 
2 to 4 inches for pine, 5 inches for oa 
7 to 10 inches for spruce and 8 to 
inches for beech (1). Applying the resu 
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‘rom the same Austrian seedling pot ex- 
yeriments with corrections for differences 
n foliage and evaporation to forest yield 
able data in this country, Horton arrived 
it figures varying from 1.8 inches for 
onderosa pine in Arizona to 27 inches 
er red spruce on Site I in the Northeast. 
Most of the values were between 4 and 12 
nches (6). By using a relation between 
mean monthly air temperature and trans- 
yiration, Meyer estimated 4 to 6 inches 
or conifers and 8 to 12 inches for decidu- 
gus trees (7). By direct measurement from 
wranches in place in a 50 to 60 year 
yeech-maple forest in New York state, 
Vlinckler found 4 to 5 inches (8). 
Indirectly, valuable indications may be 
lerived by use of the equation of the 
vater cycle or of storage of moisture in 
he soil. The former may be written 
+ T + E = P —R —§, in which I 
s interception, T, transpiration and E, 
vaporation. Records for run-off (R) and 
ome for precipitation (P) are available. 
fhe deep seepage (S) is negligible in 
ranite and other impervious formations. 
Therefore, the sum of the losses influenced 
y vegetation is equal to the difference be- 
ween the precipitation and the run-off. 
This method of approach may be illus- 
rated by estimated figures for the Stanis- 
aus River drainage on the west slope of 
he Sierra in California. The precipitation 
s 43 inches and under existing condi- 
ions of forest cover the run-off is 26 
aches. The difference, 17 inches, should 
losely represent the sum of I + T + E. 
nterception derived from snow-board rec- 
rds in several types of well-developed 
orest has ranged from 30 to 60 per cent 
f the precipitation. For the much less 
ense forest of the watershed as a whole, 
aterception may be estimated at 15 per 
ent of the precipitation or 6 inches. There 
emains 11 inches representing the sum of 
vaporation and transpiration. Transpira- 
ion is effective throughout the depth of 
4@ root zone, which in forested areas 
sually will be not less than 3 feet, while 
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evaporation is effective only in the first 
foot. It seems likely, therefore, that trans- 
piration of evergreen forest where the soil 
does not freeze during the winter would be 
2 or 3 times as great as evaporation. On 
this basis evaporation would be between 
21% and 4 inches. Measurements of the 
evaporation from the snow have shown a 
rate of between 0.001 and 0.002 inch per 
day, which would give a total of less 
than ¥% inch loss for the 5 months of 
snow cover. This surprisingly low figure 
seems to be peculiar to the west slope of 
the western mountains where the moist 
air and frequent temperatures above freez- 
ing result in additions to the snow by 
condensation which nearly balance the 
losses by evaporation. 

Another estimate of evaporation from 
the soil during the summer may be made 
by starting with the one inch of water 
which the upper foot of soil will hold at 
field moisture capacity shortly after the 
snow disappears. The light summer rains 
amount to about 4 inches, of which 2 
inches might be subject to evaporation. 
The total for evaporation for the year 
would again be about 3 inches. Deduct- 
ing the 3 inches for evaporation from the 
11 inches representing the sum of evap- 
oration plus transpiration leaves 8 inches 
as the annual transpiration. 

Even more important, if it is desired to 
manage the forest on the watershed to in- 
crease the yield of water by reducing the 
density and size and perhaps changing 
the composition of the cover, it becomes 
possible to estimate what changes might 
be made in the losses and consequently 
in the yield of water. For example, by a 
moderate thinning of the cover, while the 
precipitation would still be 43 inches, it 
should be possible to reduce the intercep- 
tion from 15 per cent to 10 per cent or 
from 6 to 4 inches. At the same time, 
transpiration would be reduced from 8 to 
6 inches; and evaporation would probably 
be increased from 3 to 4 inches. The 
losses would then equal 14 inches or 3 
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inches less than the 17 inches estimated 
under existing conditions. The run-off 
would be the difference between the pre- 
cipitation and the losses or 43 minus 14, 
leaving 29 inches or a gain of 3 inches 
in the yield of water, as a result of the 
silvicultural treatment. In the Wagon 
Wheel Gap streamflow experiment, the 
gain by converting mature forest to young 
growth was 1.5 inches (3). 

The equation of the water cycle is not 
applicable to figures like those for cer- 
tain canyons in southern California where 
losses by transpiration and evaporation of 
from 50 inches for the season to 54 
inches in the 6 months from May to Oc- 
tober have been found (4). These losses are 
far in excess of the 20 inches precipitation 
because they are based on the area of 
stream bottoms where the willows and 
other riparian vegetation have access to 
abundant supplies of moisture. These 
bottoms occupy less than 5 per cent of 
the total watershed areas and the losses 
must be integrated with those from the 95 
per cent of slope area before conclusions 
are drawn for the watersheds as a whole. 
Incidentally the distinction between trans- 
piration in canyon bottoms and on slopes 
is an important one. It is in the areas of 
high water table where maximum saving 
of water can be made by reducing the 
vegetation on a minimum area. 

By sampling the soil moisture at the 
beginning (M;) and end (Mz) of any 
period, the familiar storage equation be- 
comes applicable, M, + (P — I) —T 
— E = Mz for the upper foot. If the 
sampling is carried through the root zone 
down to a level where no change in the 
moisture content is found, no correction 
is necessary for infiltration below that 
level. Interception can be measured or 
estimated. Below the first foot the equa- 
tion may then be solved to find the trans- 
piration loss. The chief difficulty is in 
the evaluation of evaporation and trans- 
piration in the upper foot. The device 
of covering the soil surface in a pot or 
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tank is not satisfactory because, althoug| 
it gives the loss by transpiration alorj 
that loss under those conditions is prog 
ably greater than it would be if the so 
moisture were being reduced concurrent} 
by evaporation as would be the case undi 
natural conditions. By sampling the soj 
moisture in a natural area and simult| 
neously in an area of the same soil whe4 
the growing vegetation had been replac 
by models of the same size and densii 
reliable comparisons might be obtained. | 

The problems which are in need 
study, as indicated in the foregoing bri 
review, would include the following: 

1. Measurements of evaporation frog 
different soils under varying kinds, siz 
and densities of canopy and floor and tI 
trend of evaporation with decreasing mo 
ture content of the soil. 

2. The possibility of using measur 
of evaporation from water or wetted sv 
faces as an index for the prediction — 
evaporation and transpiration from sot 

3. Methods for the measurement 
transpiration and the expression of tram 
piration use of water per unit of lar 
area. 

4. The separation of concurrent eva 
oration and transpiration in the upp 
foot of soil. 

5. The evaluation, separately, of i 
terception, transpiration and evaporatié 
for different regions, site qualities, sf 
cies, types, ages, sizes, and densities 
vegetation. 

6. The development of converting fz 
tors for water use per unit of wood inci 
ment so that tables of growth and yie 
may be converted to terms of water u 
per acre. 

The solution of these problems shou 
make possible the prediction of chang 
in the yield of water as the result of n 
nipulating the vegetation by forest me 
agement. 
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HYDROLOGIC ASPECTS OF THE PROBLEM OF STABILIZING 
STREAM FLOW 


By ROBERT E. HORTON 
Consulting Hydraulic Engineer, Voorheesville, N. Y. 


TABILIZING stream flow means 
S maintaining a more nearly constant 

and uniform regimen than is pro- 
vided by Nature without necessarily 
changing the average or total flow or run- 
off. It involves on the one hand a re- 
duction of volume and intensity of sur- 
face run-off during stream rises and 
floods and, on the other, an increase of 
the low water flow. 

There are three lines of approach to 
this problem; the first two are old, the 
last relatively new. One school, compris- 
ing mainly engineers, has held that sta- 
bilization can best be accomplished by 
surface storage reservoirs. Many consider 
this the only practicable, effective method. 
Successful examples of practical stream 
regulation by this method are so numerous 


that the matter need not be gone into fur- 
ther than to point out that it has its 
economic limitations: 

1. There are many streams on which 
Nature has not provided suitable reser- 
voir sites at desirable locations. 

2. To be economically desirable it 
must provide adequate benefits through 
one or more of the following: (a) de- 
creased flood damages, (b) increased 
amount and betterment of grade of hydro- 
electric energy production, (c) provision 
of irrigation water, (d) provision of do- 
mestic and public water supplies, (e) im- 
provement of streams for navigation, (f) 
improvement of streams for recreationa. 
use, fisheries, etc. 

Recently believers in stream regulation 
by storage have been divided between 
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those who hold that reservoirs should be 
constructed for one purpose only, such as 
flood control, and those who hold that the 
same reservoir can be operated advanta- 
geously to secure different benefits, includ- 
ing flood control and increased water sup- 
ply for economic purposes. If a reser- 
voir is operated, for example, for flood 
control only, it may be highly effective 
in this respect but provide no other bene- 
fits. This will be true if, as in the case 
of detention reservoirs without outlet con- 
trol, impounded flood waters are released 
immediately thereafter. There is then no 
regulation of the low water flow. Multiple- 
purpose reservoirs, on the other hand, 
may provide economic benefits through 
increased low water flow adequate in 
value to carry all or most of the overhead 
charges involved, and at the same time 
produce a reasonable measure of flood 
control in instances where large expendi- 
tures for the latter alone would not be 
justified. If conservation of water has 
any meaning at all it does not mean al- 
lowing the water to run unvexed to the 
sea as soon as the flood has passed. On 
the other hand, it means use of the water 
in its course to the sea, for all purposes 
which it can economically serve. 

The second school of thought in rela- 
tion to stabilization of stream flow com- 
prises mainly foresters and so-called con- 
servation enthusiasts. The credo of this 
school has been that forests are natural 
stream flow regulators. It has been claimed 
that if forests are maintained in a drain- 
age basin, particularly in the mountain- 
ous head-water regions, much that is de- 
sirable in the way of stream flow regula- 
tion can be accomplished, including 
elimination of floods and maintenance of 
adequate, regular, low water flow. This 
school of thought received a strong im- 
petus through the support of Theodore 
Roosevelt. Groups supporting this claim 
have been active ever since his time, and 
the idea of the beneficial effects of forests 
as stream regulators has become so well 
established that it is given as an asserted 
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fact in many high school textbooks o4 
science. Originally the modus operanas 
of the forest in stream regulation was ag] 
sumed to be the sponge-like action aj 
forest litter, particularly the needles of 
duff of coniferous trees. Stream regule} 
tion by forests finds little support in ac 
tual comparisons of the phenomena 
the hydrologic cycle in forested and no 
forested areas, although cases where thi 
conditions are sufficiently similar to per 
mit reliable comparisons are rare. Thi 
following facts are, however, well estal 
lished: | 

1. Leaf litter is generally so coarse 
textured as to have little capillary powes 
to hold water. 

2. In a prolonged rain it become 
saturated to its capillary capacity an) 
thereafter exerts little or no effect. 

3. Leaf litter, particularly that fror 
broad-leaved trees, is likely to becom’ 
packed and wet, particularly when it ha 
lain under a cover of snow, and _ there 
after may greatly obstruct the entrance a 
water through infiltration to the soil. 

4. Experiments in Europe and_ thos 
of the author (3) and others (1,2) shor 
conclusively that even after allowing fe 
water which runs down the trunks and s: 
reaches the ground, tree crowns intercep 
an average of 15 to 25 per cent of th 
rainfall; the percentage is close to 10 
per cent in light showers but is relativel 
small in heavy rains. This water is directl 
evaporated and does not reach the grounc 
It has virtually the same effect as the re 
duction of the rainfall of the region b 
an amount equal to the loss by intercey 
tion. While there is also some intercey 
tion by growing grass, crops or othe 
vegetation aside from trees, it is also tru 
that any beneficial effect of forests in st: 
bilizing stream flow is accompanied by 
serious loss or reduction of total run-of 

5. Under natural conditions the fo: 
est is there because it can get water t 
maintain its growth, and forest trees a1 
great consumers of water. This make 
comparison of forested and cultivate 


lands difficult because of the great varia- 
tion of different types of vegetation, both 
trees and growing crops, in relation to 
water consumed by transpiration. 
Recently, partly because it has become 
generally recognized that the leaf litter 
theory of stream stabilization by forests is 
unsound, partly because of increased 
knowledge of the phenomena of the hy- 
drologic cycle, the alleged beneficial 
effects of forests in stream regulation 
have been credited more generally to the 
following: 

1. That the infiltration-capacity of for- 
est soils is greater than that of adjacent 
similar cultivated land. Experimental 
data on this point are meager but there 
are reasons to believe that it is true in 
some cases—not true in others. Since the 
soil surface in the forest is undisturbed 
by cultivation, root, earthworm, insect and 
other perforations are much more perma- 
nent than on cultivated land. There is 
no doubt that such perforations are an 
important factor in relation to infiltration, 
probably not so much with reference to 
admitting water as to permitting ready 
escape of air, since air must escape from 
the soil as fast as the water enters. 

2. As a rule, natural irregularities of 
the soil surface, particularly depressions, 
which will hold water until it enters the 
soil by infiltration, are destroyed by cul- 
fivation but remain undisturbed in forests. 
On the other hand, when a field is newly 
plowed or cultivated, its capacity to ab- 
sorb rain by infiltration is temporarily 
greatly in excess of that of undisturbed 
forest soil of the same kind. 

3. Trees and their branches break the 
force of raindrops and prevent the pack- 
ing of the soil surface, with consequent 
reduction of its infiltration-capacity as 
compared with a cultivated soil directly 
exposed. 

4. The presence of leaf litter has a 
similar effect and at the same time reduces 
the velocity of overland flow, prevents 
soil erosion and inwashing of fine soil 
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particles to the interstices of the soil, and 
so maintains a higher infiltration-capacity. 

5. There is no doubt that the evapora- 
tive power of the air under forest cover 
is less than in the open, but the direct 
evaporation from the soil may be greater 
or less than in the open, depending on 
relative moisture conditions of the soil 
itself; apparently it is usually less. 

6. In many instances snow cover lasts 
longer and the depth of frost penetration 
is less in the forest than in the open, other 
things equal. This may have various 
effects, particularly as regards floods, but 
it generally tends to increase the infiltra- 
tion during the snow-melting period. 

7. Finally, the differences between the 
hydrology of a forest-covered and non- 
forested area, especially if the latter is 
under cultivation, are too numerous and 
complicated to be capable of broad gen- 
eralizations as to the effect on stream 
regimen. Each case must be studied sep- 
arately on its merits. 

Recently a third school of thought has 
come into prominence as a result of ad- 
vances in scientific hydrology. There 
have always been scientifically minded 
men who have believed that the moot 
questions of forests and stream regulation 
could not safely be subjects of broad gen- 
eralizations until the phenomena of the 
transformation of rainfall into run-off 
were better understood. Briefly the tenet 
of this school is that something may be 
accomplished in stabilizing stream flow 
if some practical means can be found to 
increase the infiltration of the soil. 

Recent discussions of the possibilities 
of increasing infiltration have centered 
around the question of decreasing surface 
run-off for the purpose of reducing soil 
erosion. There is no doubt that increased 
total infiltration is an effective method of 
accomplishing this result. Increased total 
infiltration will, however, produce various 
other effects which have not hitherto been 
considered quantitatively. It apparently 
has been quite generally assumed, with- 


1018 


out proof, that increase of total infiltra- 
tion would redound to the benefit of agri- 
culture by increasing the volume of avail- 
able soil moisture. To whatever extent 
the soil moisture available to, and utilized 
by, growing vegetation is increased, the 
total run-off must necessarily be decreased, 
since total run-off equals rainfall minus 
water losses. The purpose of the follow- 
ing paragraphs is to show quantitatively 
the effect of increasing total infiltration 
with reference to (1) increase of available 
soil moisture, and (2) changes in total 
run-off and stream flow regulation or 
equalization. 

Infiltration-capacity will be defined as 
the maximum rate at which a given soil, 
when in a given condition, can absorb 
rain as it falls thereon. In this discus- 
sion “rainfall” will be considered as 
ground rainfall, exclusive of the part of 
the rain which is intercepted by and evap- 
orated directly from vegetation. An “ex- 
cess rain” interval will be defined as an 
interval, if any occurs, during a storm, in 
which the rain intensity exceeds the in- 
filtration-capacity. 

As a basis for the discussion of this 
subject, the following hydrologic facts 
must be considered. 

1. The soil surface acts as a sieve 
which separates the rain into surface run- 
off and infiltration. 

2. An increase of the infiltration to the 
soil, other things equal, will decrease the 
direct surface run-off and increase the 
amount of water entering the soil. A sim- 
ple example serves to illustrate the relation- 
ship. Consider a rain of 1 inch in 1 hour. 
If the infiltration-capacity of the soil is 1/3 
inch per hour, 1/3 inch of water will be 
absorbed while rain is falling. Some will 
still remain on the ground and be after- 
ward disposed of either as infiltration or 
as surface run-off. Under these conditions 
the infiltration will be something over 1/; 
inch, the surface run-off something less 
than */; inch. If the infiltration-capacity 
of the soil is */3 inch per hour, then more 
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than 2/3; inch, or more than twice a 
much, will enter the soil as infiltration 
and the surface run-off will be decreasec 
about one-half. | 

3. Surface run-off is ephemeral anc 
occurs only during rains of intensity ex; 
ceeding infiltration-capacity or for shor 
intervals thereafter. Streams are peren 
nial if, and only if, they are sustainec 
during rainless periods by surface o9 
ground-water storage or both. Floodd 
and major variations of stream flow are 
mainly due to surface run-off. 

4. Increase of infiltration-capacity, ij 
it can be accomplished, is, therefore, « 
highly effective method of stream stabiliz 
tion so far as reduction of surface run-o 
is concerned. 

It is worth while to trace a little fu 
ther what becomes of the water which en 
ters the soil as infiltration. Every soi 
has a fairly definite capacity for holding 
water against gravity. This is called it 
field-moisture-capacity. As long as ther) 
is field-moisture-deficiency in the soil col 
umn between the surface and the wate 
table, any water entering the soil as infil 
tration is held in the soil. When there ii 
no field-moisture-deficiency, then any adi 
ditional water entering the soil goe: 
directly to the water-table. 

During periods when there is field 
moisture-deficiency, water within the soi’ 
column above the water-table is disposec 
of in one of two ways—either by evapora: 
tion or by transpiration. If these wate: 
losses remain the same, then an increasé 
of total amount of infiltration will be re 
flected by an equal increase in the volum: 
of water entering the water-table. An in 
crease of total infiltration may or may no 
be accompanied by an increase of trans 
piration and evaporation from the soil 
although there is likely to be some in 
crease of these losses. It can readily b 
shown, both from theoretical considera 
tions and by many practical examples 
that the rate of ground-water outflow fron 
the water-table to streams is, for simpl 


pill- slope aquifers, directly proportional 
to the volume of ground-water stored in 
the aquifer supplying the stream. If, then, 
there is no change in the water losses, an 
increase of total infiltration will be ac- 
companied by a corresponding decrease 
in total surface run-off and a correspond- 
ing increase in total ground-water flow. 
The subject is too complicated for simple 
seneralization, although there is certain to 
be some increase of minimum stream flow 
during long dry periods wherever there is 
an increase in the total accretion to the 
water-table, 

There are several possible methods of 
increasing total infiltration, particularly 
in the summer: 

l. Increasing infiltration - capacity of 
the soil. Every soil has a fairly definite 
minimum infiltration-capacity when not 
frozen. This minimum will occur when 
the larger openings, such as insect, earth- 
worm and root perforations, are closed by 
inwashing of fine materials and the soil 
has been wetted for a sufficient time so 
that the colloids are fully swollen and 
sun-checks closed. There is no practicable 
way of permanently increasing the mini- 
mum infiltration-capacity unless the soil 
lexture or structure can be changed. The 
minimum infiltration-capacity usually per- 
fains during all but the first portion of 
long and heavy rains, such as generally 
produce the largest volumes of surface 
run-off. A large increase of infiltration- 
sapacity of the surface soil can, however, 
be attained on cultivated lands by keeping 
he soil in good tilth and cultivating 
Sromptly when the soil surface has be- 
some rain-packed or sun-baked. A loose 
nealy cultivated soil commonly has an 
nfiltration-capacity equal to or greater 
han the highest rain intensities ordinarily 
yecurring but this benefit lasts only a 
hort time during heavy rain owing to 
‘ain-packing and inwashing of fine ma- 
erials to the soil pores. Furthermore, in- 
Tease of infiltration-capacity by cultiva- 
ion extends only to the depth of cultiva- 
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tion. If this does not supply sufficient 
storage capacity to absorb the total infil- 
tration during a given storm, the excess 
will be absorbed only at a rate correpond- 
ing to the lower infiltration-capacity below 
the depth of cultivation. Cultivation has 
the disadvantage that it breaks up the 
larger openings — earthworm, insect and 
root perforations—which are highly effec- 
tive in permitting the escape of air during 
infiltration. Obviously increase of infil- 
tration by cultivation is not generally ap- 
plicable to forest- or grass-covered land. 
With one exception, cultivation methods 
will not materially affect the infiltration- 
capacity during the winter when the soil 
is frozen. The exception is fall plowing. 
This is probably the best available method 
of providing large infiltration - capacity 
during the winter—the spaces between fur- 
rows provide depression storage, and the 
increased surface exposed permits a 
greater amount of water to be absorbed 
than would be absorbed by the unplowed 
soil. 

2. Increasing depression storage. This 
has long been practiced to a limited extent 
in some arid and semi-arid regions, where, 
from time immemorial, small dikes have 
been constructed around valuable fruit 
trees to prevent surface run-off. Every 
surface soil, not too steep, possesses a 
certain volume of depression storage 
which must be filled before active surface 
run-off begins. On moderately flat culti- 
vated land this depression storage may 
be equivalent to 0.1 to 0.5 inch depth of 
rainfall over the entire surface. An equiva- 
lent amount is added to the total infiltra- 
tion in every storm producing sufficient 
rainfall excess to fill the depressions. 
Consider two tracts of land, otherwise sim- 
ilar, one with 0.25 inch depression stor- 
age, the other with none. In showers 
which do not produce more than 0.25 inch 
rainfall excess, practically the entire rain- 
fall will be absorbed on the tract with 
depression storage. In showers which pro- 
duce rainfall excess exceeding 0.25 inch, 
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a volume of 0.25 inch of rain will be held 
in depression storage before surface run- 
off begins, and the total surface run-off 
will be reduced by approximately 0.25 
inch in each such shower. These com- 
bined effects may result in an increase of 
total infiltration of several inches during 
the growing season. Strip cropping is a 
simple and effective means of increasing 
depression storage and at the same time 
cutting down overland flow in such a man- 
ner as to reduce or eliminate soil erosion. 
If the furrows between the cropped strips 
remain unchanged during the winter, this 
method is also effective in increasing total 
infiltration during the winter season. 

3. Decreasing the rate of overland 
flow. Next to strip cropping, this is prob- 
ably the most important but at the same 
time least understood method by which 
total infiltration may be increased. Sur- 


face run-off cannot take place unless or - 


until there is a layer of water accumulated 
on the ground surface and flowing toward 
the stream channel. The author has else- 
where shown (4) that the rate of surface 
run-off gs at any moment is a simple pow- 
er function of the depth 8 of surface deten- 
tion along the stream margin and that the 
average depth of surface detention over a 
given area bears, for a given type of flow, 
a constant relation to the depth along the 
stream margin. 

Surface run-off can be expressed by the 
equation 

Cease one 

Suppose, now, that by some means the co- 
efficient or exponent, or both, in this 
equation, can be artificially modified so 
that the rate of surface run-off corre- 
sponding to a given depth of detention 8 
is decreased. The surface run-off during 
rainfall excess will be decreased, and since 
the surface run-off plus infiltration plus 
water remaining on the ground as surface 
detention must equal the rainfall, there 
will be a corresponding increase in the 
residual detention remaining on_ the 
ground when. rainfall excess ends. Infil- 
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| 
tration from this residual detention wi 
proceed at the same rate as before but th 
rate of surface run-off being reduced, s 
face detention will remain longer on th 
ground and a greater portion will be a 
sorbed as infiltration. The effect of dil 
ferent factors which control the run- 
coefficient K, are as follows: K, increas 
with the slope of the surface, decreas 
with roughness of the surface and wi 
length of overland flow. Decreased s 
face run-off and increased total infiltr 


the length of overland flow. 
results can be accomplished by a suitab 
level terracing. Other forms of terra 
such as the Mangum terrace, do not d! 
crease the slope but, on the other ham 
reduce the length of overland flow and s 
tend to increase the total surface run-o 
and decrease total infiltration. 

4. Grass and _ close-growing gral 
crops. It is well established experimenta 
ly that surface run-off is less on gras: 
covered areas than on the same areas us 
der cultivation. Various reasons hav 
been assigned for this, one being a highe 
and better-sustained infiltration - capacit 
on the grass-covered area. That the infi 
tration-capacity of grass-covered land 
greater than that of the same land unde 
cultivation is probably true in many, bi 
not in all cases. Where the infiltratio1 
capacity if grass-covered land is higher the 
for the same land under cultivation, t 
difference is probably due to the lon 
sustained existence of root, earthworm ar 
insect perforations and the prevention | 
inwashing by the grass mat. Howeve 
there is another and probably more ir 
portant reason for the observed low su 
face run-off from grass-covered areas. Th 
is the greatly increased resistance to ove 
land flow. The author has found fro 
analysis of hydrographs from gra: 
covered areas that in many instances t 
velocity of overland flow is sensibly co 
stant except for the slightest depths 


urface detention. This results from in- 
sreased friction due to subdivision of the 
low by plant stems and leaves. The 
affect is much the same as that which 
would occur in a wide channel subdivided 
nto extremely narrow compartments. As 
a result of subdivision of the flow, the 
otal run-off during rainfall excess is 
greatly decreased, the amount of residual 
Jetention increased, and the total infiltra- 
ion correspondingly increased. 

The author has shown (6) elsewhere 
hat, to a fair degree of approximation, 
mm an area having a sufficient slope so 
hat depression storage is negligible, the 
otal rainfall excess represents also the 
otal surface run-off. On flatter areas, 
with appreciable depression storage, net 
sainfall excess or total rainfall excess cor- 
ected for depression storage, in each 
storm, gives an even better approximation 
o total surface run-off. That being the 
vase, if the infiltration-capacity of a field 
yr drainage basin is known, and data of 
‘ain intensity are properly analyzed for 
he individual storms of a growing sea- 
son, the total surface run-off can be deter- 
nined, and this subtracted from rainfall 
fives the total infiltration. If, in addi- 
ion, the water losses from evaporation 
rocesses are known, the march of soil- 
moisture depletion during the growing 
eason can be determined with consider- 
ble certainty. It is true that the infiltra- 
jon-capacity differs sometimes greatly in 
lifferent storms in the same season. For 
he purpose of this analysis a constant 
nfiltration-capacity was assumed equal to 
he average infiltration-capacity during 
torms which produce surface run-off. 
this quantity can be determined for a 
thole drainage basin in a given storm, at 
me operation, by a method devised by the 
uthor (5). 

Records of hourly rainfall are main- 
ained at all regular U. S. Weather Bu- 
eau stations, numbering more than three 
undred. For purposes of illustration, 
1¢ hourly rainfall at Chicago has been 
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analyzed for the three years 1930, 1931, 
and 1932. The method of determining 
rainfall excess P, is illustrated by Table 
1, showing hourly rainfall during a given 
storm. In each hour when the rain in- 
tensity exceeds the infiltration-capacity f, 
the difference represents the rainfall ex- 
cess. The total of these quantities for a 
given day is obtained and this subtracted 
from the total rainfall represents the total 
infiltration. In actual computation the 
quantities of rainfall excess are taken di- 
rectly from the hourly rainfall record 
sheets. All the items of P, for a given 
day and a given value of f are added and 
the sum subtracted from the total rain- 
fall for the day to determine the total in- 
filtration F. This determination of rainfall 
excess is approximate since rain inten- 
sities greater than a given f may last less 
than 1 hour, giving an average hourly 
rain intensity <f. No excess is then re- 
corded although some has occurred. In 
most cases such excess goes to fill surface 
depressions and provides no run-off, and 
its omission compensates in some degree 
for neglecting corrections for depression 
storage. The average hourly rain inten- 
sity may also exceed f when the rain lasts 
less than 1 hour. In such cases the com- 
puted excess is always too small, since a 
full hour’s infiltration is charged to a 
part hour’s rain. If the actual intensity 
is 1 inch per hour for 4% hour and f = 
0.3 inch per hour, the hourly rainfall is 
0.5 inch and the computed excess is 0.5 — 
0.3 = 0.2. The actual excess is 4%(1—0.3) 
= 0.35 inch. Again the error is self- 
corrective since some rainfall excess is 
lost by infiltration from residual run-off 
after rainfall excess ends, particularly in 
heavy storms. On areas with sufficient 
slope so that depression storage is neg- 
ligible, the surface run-off usually equals 
the rainfall excess P, multiplied by a 
factor which is commonly between 0.85 
and 1.15. The value of this factor for a 
given area can be determined from a rec- 
ord of total run-off by separating ground- 
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water flow from surface run-off and find- 
ing the ratio of rainfall excess to surface 
run-off so determined. The procedure for 
separating ground-water from surface run- 
off is too complicated for presentation 
here. 

As a sufficiently close approximation for 
present purposes it was assumed that the 
rainfall excess equals the surface run-off. 
In the present instance rainfall excess and 
infiltration were determined with reference 
to infiltration - capacities of 0.3 and 0.6 
inch per hour, respectively. Table 2 con- 
tains a sample of the resulting data for a 
month. In order to trace the history of 
soil-moisture during the growing season 
it is necessary to know the waiter losses or 
rate of water consumption. This can easily 
be determined since the total water losses 
for any given interval are equal to the 
rainfall minus the total run-off, provided 
there is no change in the volume of soil- 
moisture or ground-water storage. If 
change in storage takes place, a correction 
must be made. In the present instance 
an average water loss rate of 0.1 inch per 
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day throughout the growing season, Ma 
to October, was assumed.t Actually t 
water loss rate varies from month t 
month, having a maximum in July ¢ 
August. 

For the purpose of tracing soil-moistu 
and run-off, computations were carried ov 
as shown by Table 3. Columns 2, 3, 
4 give the total rainfall, total infiltratio: 
and rainfall excess, which is assumed 1 
be equal to the surface run-off. The qua 
tities f and P. were determined in th 
manner already described. Column 5 giv 
the number of days since the last prec 
ing rain. The computation starts at 
time when there is no initial field-moistus 
deficiency. The water losses for a give 
rain interval are obtained by multiplyi 
the number of days by the loss rate (¢ 
umn 7). The water losses subtracted fro 
the total infiltration (col. 3) gives the ga: 
or loss of water within the soil (column 8 
Columns 9 and 10 give the soil-moistun 
deficiency at the beginning and end, ri 
spectively, of the given rainfall-day. TE 
deficiency at the end of the rainfall-day 


TABLE 1 


HOURLY RAINFALL AND RAINFALL EXCESS FOR ONE DAY, WITH REFERENCE TO INFILTRATION- 
CAPACITIES, f, OF 0.1, 0.2, 0.3 AND 0.4 INCH PER HOUR 


Rainfall excess P. 


Hour Rainfall =O f—0.2 to f—0.4 
A.M. Inches Inches Inches Inches Inches 
12- 1 0.00 

l- 2 01 

28S 01 

3- 4 .06 

4: 5 16 0.06 

5- 6 2] All 0.01 

6- 7 36 .26 16 0.06 0.00 

7- 8 4k) 05 

8- 9 16 .06 

9-10 13 03 

10-11 a3 03 

11-12 00 

a 

Total P 1.38 1.38 1.38 1.38 
Total P. 0.60 0.17 0.06 0.00 
Total F 0.78 B21. 1.32 1.38 


1 . . . 
The water loss rate can be derived from an analysis of rainfall and run-off records. In 
present instance the water loss rate is that found for a number of central Illinois streams. 


‘obtained by subtracting the gain or adding 
the loss (column 8) to the initial defi- 
ciency (column 6). If the gain is greater 
than the initial deficiency, then, since the 
soil-moisture cannot exceed field-moisture- 
“apacity, the excess goes to the water- 
table as ground-water accretion and is set 
down in column 11. If there is any loss 
of soil-moisture shown in column 8, this 
loss added to the initial deficiency, col- 
umn 6, gives the total deficiency at the 
end of the period. If there is a gain, this 
gain subtracted from the initial deficiency 
gives the deficiency at the end of the pe- 
tiod. The deficiency at the end of a given 
period (column 10) is transferred to col- 
umn 6 on the next line below, and repre- 
sents the initial deficiency at the begin- 
ning of the next dry period. 

_ The results of these computations for 
the six months, May to October, inclusive, 
in each of the three years, 1930, 1931, 
and 1932, which represent, respectively, a 
dry year, a wet year, and a normal year, 
are shown graphically on Figures 1, 2, 
and 3. Each diagram shows the manner 
in which the rainfall is disposed of and 
the graph of soil-moisture-deficiency for 
infiltration-capacities of 0.3 and 0.6 inch 


TABLE 2 


RAINFALL EXCESS, P., AND ESTIMATED TOTAL IN- 
FILTRATION, F==P—P., FROM HOURLY RAINFALL 
RECORDS AT CHICAGO, ILL., MAY 1930, FOR INFIL- 
TRATION-CAPACITIES OF 0.3 AND 0.6 INCH PER HOUR 


Date: 

May Rain- f—0.3 f—=0'6— 

1930 fall F Be F jes 

Inches Inches Inches Inches Inches 

] 0.14 0.14 0.00 0.14 0.00 
2 0.45 0.44. 0.01 0.45 0.00 
5 0.05 0.05 0.00 0.05 0.00 
ll 0.07 0.07 0.00 0.07 0.00 
14 0.06 0.06 0.00 0.06 0.00 
15 0.02 0.02 0.00 0.02 0.00 
18 0.28 0.28 0.00 0.28 0.00 
19 0.78 0.68 0.10 0.78 0.00 
23 0.16 0.16 0.00 0.16 0.00 
Dil 0.14 0.14 0.00 0.14 0.00 
29 0.01 0.01 0.00 0.01 0.00 
Total 2.16 2.05 0.11 2.16 0.00 
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per hour, respectively. The upper rain 
graph in each instance relates to an infil- 
tration-capacity of 0.3 inch, the lower 
graph to an infiltration-capacity of 0.6 
inch per hour. The total length of the 
rain graph for any particular day corre- 
sponds to the total rainfall. The unshaded 
portion above the zero line represents sur- 
face run-off. The portion below the zero 
line represents total infiltration. The 
shaded part of this represents accretion to 
soil-moisture; the bottom, unshaded por- 
tion, if any, accretion to the water-table. 
Particular attention is directed to this 
method of analysis and platting daily 
rainfall since it shows at once five differ- 
ent important quantities: total rainfall, 
surface run-off, total infiltration, soil- 
moisture-accretion, and eround-water-ac- 
cretion. It will be noted that for the dry 
year 1930, with 0.3 inch infiltration-capac- 
ity, a small amount of surface run-off oc- 
curred on several occasions, whereas with 
0.6 infiltration - capacity, only a slight 
amount of surface run-off would have 
occurred, on one occasion, early in July 

Referring to the soil-moisture diagrams 
it will be noted that these are sensibly 
identical at the start but the soil-moisture 
depletion becomes progressively greater as 
the season advances for the 0.3 inch in. 
filtration-capacity. The difference at the 
time of maximum field-moisture-deficien- 
cy, early in October, was 0.81 inch, that 
is, if the water consumption by vegetation 
had been the same in both instances, 0.81 
inch more available soil-moisture would 
have remained in the soil on the area with 
0.6 inch than on the area with 0.3 inch 
infiltration-capacity. 

Similar results are shown on the graphs 
for the wet year 1931 and the normal 
year 1932. In all these cases there is a 
little greater—but only a little greater— 
amount of soil-moisture available on the 
area with a high infiltration-capacity than 
on the area with a _ low infiltration- 
capacity. 

The meaning of these results is more 
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TABLE 3 


ANALYSIS OF RAINFALL TO DETERMINE CHANGES OF SOIL-MOISTURE AND GROUND-WATER ACCRETION, 
USING HOURLY RAINFALL AT CHICAGO, ILL., FOR MAY 1930 


Ss Te 
: Evapora- 
Date No.of Initial tion loss, A at 
May daysin deficien- 0.10in. Net gain begin- A at 
1930 1 F P. period cy,A perday orloss ning end a 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
Inches 
1 14 14 0 il 10 +0.04 0 0 04 
2 A5 44 01 1 0 10 +0.34 0 0 34 
5 .05 05 0 3 0 .30 —0.25 .20 25 
11 .07 07 0 6 25 .60 —0.53 a6 .78 
14 .06 06 0 3 .78 30 —0.24 98 1.02 
15 .02 02 0 1 1.02 10 —0.08 1.02 1.10 
18 .08 28 0 3 1.10 .30 —0.02 1.30 en, 
19 .78 68 A <i Plz 10 +0.58 iy 54 
23 16 16 0 4 54 40 —0.24 84 78 
21 14 14 0 4 .78 40 —0.26 1.08 1.04 
29 01 01 0 2 1.04 .20 —0.19 1.14 1.23 
Total 2.16 2.05 ll .38 
{=0.6 
1 14 14 0 1 0 10 +0.04 0 0 04 
2 45 45 0 ii 0 10 +0.35 0 0 35 
5 .05 05 0 Bye 0 30 —0.25 .20 25 
11 07 07 0 6 2D) .60 —0.53 715 .78 
14 .06 06 0 3 .78 30 —0.24 98 1.02 
15 .02 02 0 1 1.02 10 —0.08 1.02 1.10 
18 .28 28 0 3 1.10 30 —0.02 1.30 iis 
19 78 78 0 1 Veal 10 +0.68 1.12 44 
23 .16 16 0 4 44 40 —0.24 74 68 
AN 14 14 0 4 .68 40 —0.26 .98 94 
29 01 01 0 % 94 .20 —0.19 1.04 1.13 
Total 2.16 2.16 0 39 
TABLE 4 
TOTAL INFILTRATION AND RAINFALL EXCESS AT CHICAGO, ILL., SUMMER SEASON (MAY-OCT.) 
1=0:3 f=0.6 Diff. 
Inches Inches Inches 
Wet year: 1931 
Cotalerain tall ms 2h Awe: e Soe eee cl eee See 25.97 25.97 
otal'erainfally excess! tte 2) Meee aie, Wee Ue 7.30 3:55 —3.75 
otal san filtration oe oe es) ee 18.67 22.42 +3.75 
Total ground-water accretion ____. 3.14 5.59 +2.45 
Maximum soil-moisture depletion. == 3.04 2.44 —0.60 
Ba ete i Le eee aie ane: 10.44 9.14 —1.30 
Rationa (Ps v-\- de> =. 2s 0.301 0.611 
Normal year: 1932 
Wotal/trainfall” 229 As he ee 90.07 20.07 
Lotalerainfallexcesss.-.=... 2 ae ne S71 0.83 —2.44 
Total infiltration pee 8 GSE 19.24 +2.44 
Total ground-water accretion _ ___ 5 a is Be Bet 1.24 3.37 +2.13 
Maximum soil-moisture depletion... 3.46 3.06 —0.40 
Le Se Lt OM es 4.51 4.20 =—034 
BRANO LO) Wager Oe. re 0.275 0.80 
Dry year: 1930 
Lotalgraintal pees ti et. 12.55 12.55 
Wotaleraintallwexcess) 2. 0.98 0.16 —0.82 
Motaleiniitrations 2.2. eee WS 7 12.39 +0.82 
Total ground-water accretion _... ss ti—‘“CsCsS 0.38 0.39 +0.01 
Maximum soil-moisture depletion. 7.18 6.37 —0.81 
OS RE ee 1.36 0.55 —0.81 
Rave 6 / Veil 0.280 0.710 


clearly shown by Table 4, from which it 


appears that in the dry year 1930 an in- 
crease of infiltration-capacity from 0.3 
inch to 0.6 inch per hour would have re- 
duced the rainfall excess or surface run- 
off from 0.98 to 0.16 inch. It would have 
increased the infiltration by the same 
amount, would have had no effect on 
ground-water-accretion, and would have 
decreased the soil-moisture-depletion by 
0.81 inch. In general the drier the cli- 
mate or the drier the season, the smaller 
will be the beneficial effects of increased 
infiltration-capacity. Obviously if there 
is but little rainfall, total infiltration can- 
not be appreciably increased. Because of 
the fact that increase of infiltration avails 
but little when rainfall is wanting, in- 
erease of crop yield and stabilization of 
erop yield or elimination of failures due 
to drought can far better be accomplished 
by supplemental irrigation. 
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Turning to the wet year 1931, the rain- 
fall excess or surface run-off would have 
been reduced by about 50 per cent by in- 
creasing the infiltration-capacity. Most of 
the corresponding increase of total infil- 
tration would, however, have gone directly 
to the water-table. Except in cases where 
certain types of trees or plants abstract 
water directly from the water-table, total 
ground-water flow in any long period of 
time is approximately equal to the total 
ground-water-accretion. Assuming this to 
be the case, the total ground-water flow 
would have been increased from 3.14 
inches to 5.59 inches, an increase of more 
than 60 per cent. Taking total run-off as 
equal to rainfall excess plus ground- wa- 
ter-accretion, it will be noted that in the 
wet year 1931 the total run-off would have 
been decreased by 1.3 inches, and in the 
dry year 1930, total run-off would have 
been decreased by 0.8 inch; in other 
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. 1—Rainfall, run-off, and soil-moisture, Chicago, Ill., May-October, 1930, with infiltration 


capacities of f=0.3 and f=0.6 inch per hour. 
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words, increasing the total infiltration cuts 
down the total run-off by increasing the 
soil-moisture-storage during the growing 
season. f 
Primarily this paper is devoted to the 
question of stabilization or equalization 
of stream flow. The analysis just described 
shows what may be accomplished through 
increase of total infiltration. The figures 
given in Table 4 show that, while the 
total summer run-off would be decreased 
by increasing the total infiltration, the 
regularity of flow would be greatly in- 
creased. The uniformity of regimen of a 
stream is well represented by the ground- 
water ratic or ratio of ground-water run- 
off to total run-off. In each of the three 
years covered by the analysis, the ground- 
water ratio would have been doubled or 
more than doubled by increasing the infil- 
tration-capacity from 0.3 to 0.6 inch per 
hour. The average value of this ratio, 
with f = 0.3, is 0.28, or 28 per cent of 
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the total run-off is ground-water flow. Fo 
f = 0.6 on the same area and with th 
same rainfalls, the ratio is increased to a 
average of 70 per cent. This large i 
crease in ground-water flow and _ strea 
stability results from the reduction in sun 
face run-off and the substitution of an i 
creased volume of ground-water flow. 
In conclusion, stream stabilization ca 
be accomplished in a high degree by ir 
creasing the total infiltration. This, how 
ever, involves changes in agricultur 
practice which it cannot be hoped will 
undertaken without commensurate bene 
fits to the land owners. On lands subjec 
to erosion, increase of total infiltratio 
provides an effective method of soil cor 
servation. The analyses given in the pap 
show quite conclusively that the benefit t 
agriculture through increase of availabl 
soil-moisture, and consequent increase © 
crop yield, is surprisingly small. 
Taken altogether, it is evident that sta 
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Fig. 2.—Rainfall, run-off, and soil-moisture, Chicago, Ill., May-October, 1931, with infiltration 
capacities of f=0.3 and f{=0.6 inch per hour. 
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bilization of stream flow by increased total 
infiltration, like other methods of stream 
flow stabilization, should not be under- 
taken arbitrarily or on a wholesale basis. 
Rather it should be considered as an ob- 
jective to be kept in mind and attained to 
such a degree as economic conditions per- 
mit. Its attainment generally must in- 
volve changes in agricultural practice. 
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Fig. 3.—Rainfall, run-off, and soil-moisture, Chicago, Ill., May-October, 1932, with infiltration 
capacities of f=0.3 and f=0.6 inch per hour. 


STABILIZING STREAMFLOW AS VIEWED BY A FORESTER 


By C. L. FORSLING 
U: S. Forest Service 


of man’s age-old struggle with wa- 

ter. Ever since he came to occupy 
the earth’s surface man has had to deal 
with drought and with flood, with thirst 
and with plenty, with deserts which bloom 
when watered and with inundated lands 
useless until drained, with streams that 
served as barriers until bridged but were 
useless for navigation in times of low 
flow. Seldom has he found a place where 
water occurs continuously in that desira- 
ble moderation most useful to his needs. 
An ever-present problem of man’s very 
existence has been to meet these vicissi- 
tudes of nature. And in addition to all 
that, man has unwittingly aggravated his 
difficulties in the control of water by his 
mistakes in the use of land. 


Got ie streamflow is one part 


I take stabilization of streamflow to 
mean the provision of a more even flow in 
streams throughout the year and at all 
times of the day; combing the peaks from 
floods and holding back this excess to af- 
ford an ample flow of water during dry 
periods; providing more water for irriga- 
tion in seasons when it is needed; a regu- 
lar flow for domestic use and hydroelectric 
power; and suitable quantities for naviga- 
tion at all times of the year. 


The problem of stabilizing streamflow 
varies in different parts of our country. 
In the more humid regions it is more per- 
manently one of evening the flow to pre- 
vent excessive flood stages rather than of 
providing against drought. In the semi- 
arid regions it involves making more wa- 
ter available for the irrigation season and 
controlling the flash floods of relatively 
short duration. In all regions it involves 
a restoration of, or a substitution for, the 
natural checks to streamflow found under 


primitive conditions and, where possiblet 
improving and extending them. 

The nearest approach to a naturally) 
regulated or stabilized streamflow in thij 
country is to be found in such streams ai 
the Deschutes River of Oregon, the drain 
age basin of which embraces a consider 
able area having a deep mantle of coarses 
textured volcanic debris; and the Louy| 
River of Nebraska which drains the sana 
hills. In both instances, surface mates 
rials facilitate rapid absorption of wate 
and help to create natural undergroune 
reservoirs which make for steady dis 
charge and regularity of flow. Most othe» 
streams, however, have drainage basin 
less well suited to the quick intake ane 
storage of rainfall, and their streamflow ii 
naturally less regular. On such stream: 
it is especially important to maintain ane 
restore every effective aid in decelerating 
flow and increasing absorption. 

Perfect regularity could conceivably be 
attained in many of these streams by 
purely structural aids; but it would re 
quire an extensive system of engineerins 
and other controls, couvled with a perfec 
knowledge of all precipitation and tem 
perature change and many other factors 
Such elaborate provisions are out of th 
question. Advance knowledge of precipi 
tation conditions and complete engineer 
ing control are not yet available. Cost o 
such structures raises definite limitations 
It becomes necessary for various reason 
to take into account other facilities an 
put them to the best possible use. 

Among these facilities, — and I ar 
speaking now of land not under cultiva 
tion—is the plant cover. It is not poss’ 
ble to exercise control over the weather 
or materially to change the effect of tc 
pography or geologic formation of th 
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land on which the rain falls. It is pos- 
sible, however, to control the vegetation 
on these lands. Foresters believe that by 
exercising this control wisely and _skill- 
fully it is possible materially to regulate 
the flow of streams and to aid in the de- 
livery of maximum supplies of usable wa- 
ter to meet human needs. 
We have a quantity of factual data as 
well as field observations and experience 
to justify this belief that forests and other 
cover aid in the stabilization of flow. For- 
esters accordingly advocate that forestry 
should be considered in plans for flood 
control; that forests or other natural vege- 
tative cover should be restored to denuded 
lands and lands not otherwise needed for 
agriculture; and that the protection and 
maintenance of a cover on the watershed 
of a stream is one of the best safeguards 
to the rational behavior of that stream. 
Other cover is mentioned specifically be- 
cause foresters in this country, and espe- 
cially in the West, have long since learned 
to think fully as much in terms of grass 
and other smaller vegetation as in terms 
of trees. 

The impression should not be gained 
from this statement, as has sometimes been 
done in the past, that forests or other 
plant cover are a guarantee against floods, 
low-water stages, or irregular water sup- 
plies. After all, the water in streams is 
derived from rain and snow, and these are 
bestowed with great irregularity as to 
time, place, and amount and often in ex- 
cess of the capacity of the vegetation to 
control the run-off. All man can do 
is to take advantage of the opportunities 
that are afforded to turn them to the best 
use possible. 

One of the most important phases of 
streamflow stabilization has to do with 
flood control. Until recently, practically 
the entire national, as well as much of 
the local effort -in flood control has been 
in the field of engineering. Devices such 
as levees, channel rectification, floodways, 
and equalizing reservoirs in the larger 
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streams have been built and, for the most 
part, in the downstream sections. In 
other words, the main efforts have been to 
control the flood waters after they have 
concentrated in major channels, where it 
is necessary to cope with them in their 
most unruly form. Works of this nature 
are necessary and their importance is not 
to be minimized. 

Although floods have always occurred 
at times of excessive rainfall, there is 
abundant proof that use and misuse of 
the land, such as to reduce the plant cover 
and modify the condition of the surface 
soil, has reduced the rate and quantity of 
absorption of water and greatly increased 
the quantity and rate of run-off from a 
given rainfall. The consequences are that 
the same quantity of rainfall results in 
greater discharge of water and more rapid 
accumulation of flood water than former- 
ly. Engineering works are necessary to 
control these floods, but they need to be 
supplemented by the restoration of plant 
cover where it has been depleted. In the 
experience of foresters, such restoration of 
plant cover on many watersheds not in 
cultivation will eliminate smaller floods 
and materially reduce the crest of major 
floods. 

Moreover, certain unavoidable  short- 
comings of downstream flood-control en- 
gineering works should not be overlooked. 
They fall short in at least three major re- 
spects. They afford no protection to the 
people living on the myriads of smaller 
streams and tributaries; they fail to put 
the flood waters to any beneficial use 
comparable with retaining surplus water 
on the land; and they accomplish noth- 
ing toward soil preservation. 

The smaller floods, even those in small 
streams and brooks, do their proportion- 
ate share of damage, and make up in 
numbers throughout the Nation what they 
lack in size or spectacle. They contribute 
to the destruction of crops or valley bot- 
tomland, the washing out of rural roads 
and bridges, the damage to valley towns 
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and homesteads, and numerous other con- 
sequences of these smaller floods. Thus 
they are a source of tremendous loss to 
the communities affected; and such, losses 
in the aggregate, over the years, may 
equal or exceed the destruction wrought 
by major inundations such as occurred 
this year in the Ohio Basin. 

The control of water begins with the 
conservation of water at or near the place 
where it falls. If it is so conserved, the 
danger from wild water is lessened and 
water is made available for man’s use in- 
stead of being wasted as run-off. A portion 
of the water thus conserved in the soil is 
available for later streamflow. Ample sup- 
plies of ground waters help to reduce the 
danger from droughts. Conserved water 
also replenishes ground-water supplies. 
Thus stored in the soil and so retarded on 
its journey to the sea, rain and snow water 
can be made most useful for navigation, 
hydroelectric power, irrigation, and other 
purposes. 

Water conservation is also needed be- 
cause of the immediate effect of water on 
the soil itself. If allowed to run off freely, 
water will and does erode the soil. Re- 
peatedly, surveys and investigations have 
demonstrated that this country now faces 
a serious crisis with respect to its soil. 
Unless this basic resource is preserved, 
our agriculture cannot continue. Erosion 
which is now carrying away the soil at a 
constantly accelerating rate is, with the 
exception of certain losses due to wind 
erosion, directly the result of run-off of 
precipitation on the land. Only by the 
control or regulation of that run-off can 
the loss of the topsoil be reduced to a 
point where it no longer is a menace. 

If our national flood-control program is 
really to meet national needs, it must take 
into account not only the control of water 
in the main rivers, but also the control of 
water in the minor tributaries and on the 
land. If confined only to the channels of 
the main streams, it will prove useful only 
to the relatively small per cent of flood 
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sufferers who occupy the lower river val 
leys, and do nothing io the vastly large : 
population on the smaller tributaries and 
adjacent lands who, nevertheless, have to 
pay their share of the cost. | 

There has been much hesitancy in the 
past in incorporating the biological and 
land management aspects into flood-con4} 
trol programs in the United States, chiefly 
because the results, although highly effec- 
tive, are less tangible and more difficuld) 
to evaluate and measure than those of ma4 
jor engineering structures. This is un4 
like practices in many foreign countries3 
where land management, including the 
practice of forestry and related regulatiom 
of other uses, is recognized and _ utilized 
as an essential part of water control. 

Unfortunately, American experience 
with such practices has not been obtained 
on complete watersheds of considerable 
size. Consequently adequate data are nob 
available as yet to permit making quanti 
tative determinations of the effect on ma4 
jor flood crests and conservation of 
streamflow to be expected from the wide- 
spread application of reforestation and 
other plant control methods, or from the 
development of minor upstream engineer- 
ing works on watersheds. Such practices 
have been studied individually on small 
areas, and quantitative information is 
available as to their comparative effects 
on run-off only under the conditions stud- 
ied. These results, however, are convincing. 

A few examples, some of which may 
have already come to the attention of this 
audience, will serve to illustrate. Mos! 
of these results are from research now be 
ing developed at a series of forest anc 
range experiment stations to which the 
Secretary of Agriculture has delegated re 
sponsibility for research on forest anc 
range problems. 

At the time of the flood of the Yazoc 
River in 1931-32, when 27 inches of rair 
fell, 62 per cent of the precipitation rat 
off the surface of cultivated fields on th 
upland loess soils of northern Mississippi 
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while less than 0.5 per cent ran off nearby 
undisturbed oak forest. 

_ The flood threat presented by depleted 
and abandoned agricultural land in com- 
parison with wooded areas is strikingly 
shown by studies in the Appalachian re- 
gion. Records of the continuous flow of 
streams from 8 small watersheds near 
Asheville, N. C., representing different 
types of forest and other vegetative cover, 
show that for the period from July 1, 
1933, to October 30, 1936, the average 
maximum flood flow discharged for any 
forested watersheds amounted to 84 cubic 
feet per square mile, whereas flows of 403 
and 785 cubic feet per second per square 
mile were recorded for abandoned agricul- 
tural land and for pastured abandoned 
agricultural land, respectively. In no case 
did the storm run-off from forested water- 
sheds assume critical flood conditions, 
whereas on the nonforested watersheds the 
maximum flow assumed serious flood pro- 
portions in numerous instances. When 19 
maximum storms in this area during the 
period July 1, 1933, to October 30, 1936, 
were averaged, the peak unit flow on pas- 
tured abandoned land was nearly 19 times 
as great and that on abandoned farm land 
9 times as great as the average for all 
forested watersheds. 

Maximum rates of surface discharge of 
1,263 to 1,434 cubic feet per second per 
square mile have been measured from 
areas near Ducktown, Tenn., where fumes 
from smelter plants have completely de- 
stroyed the vegetation. On adjacent for- 
ested areas during the same period dis- 
charges of only 30 to 56 cubic feet per 
second per square mile were recorded. 

According to data supplied by the Soil 
Conservation Service Station near Ithaca, 
New York, 88 per cent of the total of 9.47 
inches of precipitation during the period 
March 1 to March 19, 1936, or 8.38 
inches, ran off as stormflow from a potato 
field with a 14 per cent slope, but run-off 
from nearby forest and grass areas with a 
much steeper slope did not exceed 0.5 per 
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cent of the total precipitation. It is sig- 
nificant to note that the ground beneath 
the cover of forest litter and grass was 
not frozen, whereas that in the potato field 
was. Another grass plot, with a 14 per 
cent slope, where the ground was frozen 
owing to lack of sufficient protective cover, 
lost 88 per cent of the total precipitation. 

Violent floods and mud flows of short 
duration but of shocking consequences, 
attributable to denudation of critical wa- 
tershed areas, have occurred at various 
places in the West. On January 1, 1934, 
for example, a flood swept out of Verdugo 
and Haines canyons in Los Angeles Coun- 
ty, California, causing the loss of 34 lives. 
The flood flow was more mud than water. 
The storm causing it extended over a fifty 
mile belt of foothills and mountains and . 
deposited an average of approximately 12 
inches of rain within 214 days. The wa- 
tersheds in which the destructive flood 
originated, totalling about 4,000 acres in 
area, had been partially burned over only 
a few weeks earlier. The maximum flood 
discharge from the two drainage basins 
reached 1,000 cubic-second-feet per square 
mile. Erosion debris removed amounted 
to 50,000 to 67,000 cubic yards per square 
mile. Neighboring watersheds subject to 
the same rainfall, but with their forest 
cover intact yielded clear water which 
caused no unusual erosion and did no 
damage. The run-off in unburned San 
Dimas and Arroyo Seco Canyons, a few 
miles distant and subjected to approxi- 
mately the same rainfall, was only 51 to 
58 cubic-second-feet and carried only 56 
cubic yards of eroded material per square 
mile. 

In Utah and other places in the West 
many of the devastating floods and mud 
flows, following torrential summer rains, 
have been found to be due chiefly to 
denudation by overgrazing and fire and 
subsequent severe gully and sheet erosion 
on relatively small but critical portions 
of the steep mountain watersheds of the 
canyons from which the floods came. 
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Against the beneficial effects of forest 
and other plant cover in reducing floods 
and erosion must be charged some reduc- 
tion in streamflow due to consumption of 
water by the vegetation. This perhaps 
may be considered as the charge vegeta- 
tion makes for the service it renders in 
controlling the water. It is of most con- 
cern where the conservation of water for 
irrigation is important, or in the more 
humid regions where summer drought 
may reduce sireamflow to a critical point 
for navigation, hydroelectric power, or 
other purposes. It is well known that 
plant cover transpires large quantities of 
water in growth, and that more or less 
water is intercepted by the foliage and 
evaporated and therefore never reaches 
the streams. Certain kinds of vegetation 
consume or intercept more water than 
other kinds. Studies of snow interception 
in Idaho, for example, showed that ma- 
ture stands of ponderosa pine intercept 
more snow than stands of young growth. 

This consumptive use of water by vege- 
tation has led to the assumption in some 
instances that elimination of the plant 
cover would be a means of increasing 
streamflow in critical periods or for stor- 
age in artificial reservoirs. This cannot, 
however, be recommended as a sound 
practice anywhere. Not enough is yet 
known regarding the interrelation of the 
numerous factors involved. The possibility 
and expectation that skillful management 
of the plant cover may lead to increased 
water yield for beneficial use are, on the 
contrary, based on sound observation. 

The aim of foresters is to manage plant 
cover to supply human needs including 
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agriculture, industry, and municipalitie 
with the needed amount of usable water a| 
all times. This may mean that an ope\ 
forest is better than a dense one; that | 
utilized range or pasture will yield mon 
water than if unused; or that a brusg 
cover need be no more dense and luxvy 
riant than is necessary to protect an4 
maintain the soil. At the same time thes} 
possibilities must be weighed agains| 
necessity for control of erosion, protec 
tion against floods and the value of t 
timber, forage, and other crops produces 
on the watershed land. The combinatio: 
of conditions that will result in the grea 
est contribution to human welfare, al 
things considered, should be the objective 
Research in the field of forest and rang: 
influences on water supply and other fad 
tors is yet too new to afford authoritativi 
answers to all of the questions which ma: 
be raised. Many matters must be take: 
into account which may seem to have li 
tle direct bearing on the problem. Climate 
precipitation and run-off may be greatl 
modified by slight changes in soil, vegete 
tion, and transpiration, operating over 
long period of time. A study of all thes 
points is necessary before it will be pos 
sible to reach the ultimate ideal in ste 
bilization of streamflow. In the meantim 
the safest procedure is to restore an 
maintain conditions which are known t 
be essential for the control of erosion an 
reduction of flood run-off. As more know] 
edge becomes available, such procedur 
may be greatly refined and extended. Wit 
each improvement in the manipulatio 
and use of plant cover, we shall be co: 
respondingly better able to provide th 
water requirements for civilization. 


LABORATORY MEASUREMENT OF EVAPO-TRANSPIRATION 
LOSSES 


By R. L. PARSHALL 


Division of Irrigation, Bureau of Agricultural Engineering 


HE evapo -transpiration losses of 

several common plants have been 

investigated by growing them in 
soil tanks with shallow depths of soil and 
nigh water tables. These studies covered 
the growing seasons of 1929, 1930, 1931, 
and 1932 and were conducted under a co- 
perative agreement between the Bureau 
of Agricultural Engineering, U. S. Depart- 
ment of Agriculture, and the Colorado 
Aericultural Experiment Station at Fort 
Collins. 

They were initiated by the writer, but 
were later put in the charge of L. R. 
Brooks, who continued the work and at 
ts conclusion prepared a complete report 
of the investigations. The data now to be 
presented have been extracted from his 
report. 

Laboratory examinations of the evapo- 
ration losses from soil surfaces, the water 
requirements of plants (as to pounds of 
water per pound of dry matter produced), 
svapo-transpiration losses, and other sim- 
dar studies have brought out numerous 
ind ingenious methods of investigation, 
specially in the design of apparatus. 

Thirty years ago the general practice 
was to provide a double tank, one tank 
‘ontaining the soil being set inside an- 
yther, with water filling the annular space 
getween. The top flange of the inner tank 
xxtended out and rested evenly on the rim 
f the outside tank. To determine the 
vaporation loss from the soil contained 
n the inner tank, it was hoisted by means 
yf a chain block suspended from a der- 
‘ick and then weighed. The differences in 
uccessive weighings were taken as the 
vaporation losses. Much time and effort 
vere required to secure these data, espe- 
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cially when the observations were taken 
twice each day and several soil tanks had 
to be manipulated, the soil in each was 
from 3 to 5 feet deep and each tank and 
its contents weighed several hundred 
pounds. 

A displacement weighing method for 
determining the loss of evaporation was 
devised and used with success by the 
writer. This scheme uses a water-jacketed 
tank, as previously described, but instead 
of being withdrawn to an elevation above 
the ground surface for determination of 
its full weight, the inner tank is raised 
only a short distance, as determined by a 
special index showing the elevation of the 
water surface within the jacketed tank. 
When the inner tank is seated the water 
level shows a definite elevation in a glass 
tube at the side of the outer tank, and 
when the inner tank is raised the water 
level in the glass tube is correspondingly 
depressed. A platform scale, carrying a 
suitable and convenient lifting device, is 
rolled along a track until directly over 
the tank, and by means of this lifting 
mechanism, the tank is raised about three 
inches, the weight is observed, and at the 
same time the water level in the glass tube 
is noted. After the tank is lowered in 
place the water level is again noted. The 
two points establish a standard for future 
weighings. For subsequent observations 
the water level in the glass tube is noted 
before the tank is raised. If the level is | 
below the standard point water is added 
to the annular content until its level is 
brought to the initial reading; next the 
tank is raised until the proper displace- 
ment is reached, as shown by the original 
setting, and then the weight is ascertained. 
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The difference in the weighings shows the 
loss occurring between observations. Since 
the loss is represented by the difference 
in these weighings, the full weight of the 
tank is not required. 

The adaptation of the principle of the 
Mariotte flask to controi the rate at which 
water is supplied to soil tanks was first 
proposed by Carl Rohwer and developed 
by the writer. The principle underlying 
the action of this flask was discovered by 
Mariotte, a French physicist, about 1680; 
however, the application of his law to the 
problem is relatively new. This method 
of determining the water loss started with 
notation of the amount used from a cali- 
brated cylindrical airtight drum, over an 
interval of time, usually about 12 hours. 
The automatic regulation of water sup- 
ply to the soil tank was effected by means 
of a vertical drum 6 inches in diameter, 
36 inches high, and having a capacity of 
about 41% gallons. At the top was a l- 
inch tee fitting provided with a special 
removable airtight cap, through which this 
reservoir was refilled. Outside the tank 
was a vertical 11-inch glass tube con- 
nected to the tee at the top by means of 
short nipples and an elbow, and at the 
bottom by a short nipple attached to the 
supply pipe leading to the soil tank. A 
\-inch brass tube extending through the 
rubber cork in the top of the glass tube 
served as a vent pipe, and the lower end 
of this brass tube determined the eleva- 
tion of the water level in the annular 
space of the water-jacketed soil tank. 
Alongside this glass tube was mounted a 
suitable length of meter stick by means 
of which the elevation of the water sur- 
face within the calibrated drum could be 
noted in millimeters. The drum _ itself 
was wrapped with sheet asbestos and the 
whole apparatus was mounted jn a suit- 
able wooden housing. 

The space between the reservoir drum 
“and sidewalls was filled with dry wood 
shavings. Heavy building paper was 
placed behind the glass tube and scale to 
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support the shavings and at the sam 
time expose the tube and scale for obser 
vation. A narrow panel door at the front 
of the housing permitted the observer t 
view the tube and scale and a flap door 
at the top allowed refilling of the reser 
voir drum. This apparatus was used for 
6 years. Toward the end of that perio 
it gave considerable trouble because of 
air leaks, principally around the top cor 
of the glass tube. 

Experience with this first design brought) 
about various improvements in the final) 
and more successful type of regulator, 
This new apparatus consists of a 15-gal4 
lon, galvanized commercial expansions 
drum such as is used in water heating; 
plants; however, only about 101% gallons: 
of the full capacity is available for use. 
Suitable openings through the side wall 
of the drum permit the mounting of 
a common %-inch boiler gage glass 
about 2 feet long. A special tee fitting: 
is provided at the top of the drum 
for filling, and, instead of the vent pipe 
being mounted in the glass tube as 
formerly, it is placed in the interior of 
the drum through the tee at the top. 
This calibrated drum tank, 12 inches in 
diameter and 30 inches high, is  sup- 
ported on a solid footing of concrete 
and brick and mounted inside a_sub- 
stantial wooden housing filled with wood 
shavings and arranged in a way similar 
to that of the original apparatus. <A 
new feature consists of a gooseneck over- 
flow in the supply line where the open- 
ing of the tube is slightly above the 
lower end of the vent pipe. A_ 1-gal- 
lon can placed under this overflow 
catches and retains excess flow from 
accidental functioning of the regulator 
or excess water from precipitation on 
the exposed soil tank. 

When the supply drum is being filled 
the valve A in the 44-inch water supply 
pipe leading to the soil tank is closed 
The water used for recharging is storec 
in an elevated 450 gallon deaerating- tank 
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The purpose of elevating this tank is 
to provide a pressure head on the two 
hose lines used for refilling. Although 
affected slightly by aeration, the tem- 
perature of tap water is ordinarily too 
low and thus interferes with the proper 
functioning of the apparatus. 

For this evapo-transpiration study 18 
soil tanks were used. The soil tanks 
are all of essentially the same design 
and are made of 16-gage ga!vanized 
iron. The outer shells of these double 
tanks are watertight, 26 inches in diam- 
eler and 28 inches deep. The inner soil 
tank has a 6-inch circular opening in the 
bottom covered by a coarse screen. A 
2-inch layer of gravel placed over this 
screen is followed by a coarse sand 
filler, and on top of this filler is the 
test soil. In all but the fallow tanks 
the top surface of the sand filler marks 
the elevation of the water table. The 
angle iron around the top of the soil 
tank rests on the rim of the outer shell 
and serves two purposes; first, that of 
support, and second, that of sealing the 
annular space to prevent loss of water 
by evaporation or inflow from precipita- 
tion. 

The meteorological equipment con- 
sisted of a Robinson anemometer and a 
standard United States Weather Bureau 
rain gage. Soil thermometers were at 
depths of 1, 2, 3, 6, 12, 24, and 36 inches, 
on a line parallel to the center line of 
tanks 1] and 6. Maximum and minimum 
thermometers were used to record the 
temperatures of the free water surface 
and those of the soil surface in one of 
the fallow tanks. Other meteorological 
data were obtained from the weather rec- 
ords of the Experiment Station taken at 
a plot about 500 feet northwest of the 
tanks. 

Prior to 1929 the first Mariotte regu- 
lation apparatus was used to study the 
evaporation loss from the surface of soils 
and sands of different types having the 
water table at various depths. 
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At the beginning of the 1929 season 
all the tanks were removed from the 
ground, inspected, reconditioned and _re- 
placed. The soil tanks were filled as 
previously described, the test soil, a 
clay loam, was obtained at the site. This 
soil was screened and thoroughly mixed 
before it was placed loosely over the sand , 
filler. For tanks 9 to 13, inclusive, the 
depth of soil was 6 inches and during 
1931 and 1932 the water table was 
maintained at 1 inch below the soil sur- 
face After the tanks had been filled 
waler was admitted from the Mariotte 
control causing the loose soil to settle in 
place. Additional screened soil from 
the stock pile was added to fix the sur- 
face finally about 1% inch below the 
top of the tank. 

Observations were taken daily at 7 
a.m. and 7 p.m. from July 1 to October 
21. 1929, May 20 to October 14, 1930, 
and single daily observations at 7 a.m. 
from July 1 to October 21, 1931, and at 
8 am. from May 3 to September 27, 
1932. 

During the four seasons the data re- 
corded at the time of observation were: 

1. The meter stick reading opposite 
the meniscus in the gage glass for each 
control unit. 

2. The hook gage reading of the free 
water surface of the evaporation tanks. 

3. The anemometer reading. 

4. The precipitation, measured in the 
rain gage in inches and the overflow 
in the catch basin in cubic centimeters. 

5. The maximum and minimum tem- 
peratures of the 18-inch fallow and of the 
free water surfaces. 

6. Temperatures indicated by the soil 
thermometers at various depths. 

All tanks were fully exposed, as was 
desired, and for this reason errors were 
probably introduced because of inaccu- 
racy in measuring the precipitation and 
proverly applying the correction. The 
effect of heavy rain on the 18-inch soil 
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tanks was especially noticeable in Au- 
gust, 1930, and August, 1931. 

Observations in 1929, 1930, 1931, and 
1932, of the elevation of the water sur- 
face within the annular space of each 
soil tank, are shown in Table 1. A 
depth gage accurate to ¥ inch was 
used to make these measurements. 


Evapo-TRANSPIRATION LOSSES FROM SEDGE 
AND BLUE Grass FOR A WATER TABLE 
AT DepTus OF 6, 12 AnD 18 
INCHES, 1929 anp 1930 


Circular pieces of sedge and blue grass 
sod, 2 feet in diameter, were cut and 
transplanted in the tanks on June 1, 1929, 
and distributed as follows: 


Depth to water 


table and of Free 


test soil,in Sedge Blue Fallow water 
inches grass grass surface surface 
Tanks Tanks Tanks Tanks 
6 Qand12 10and13 11 7 
12 14and17 15and18 16 and 


18 land 4 2and 5 3and6 8 


TABLE 1 


POSITION OF THE WATER SURFACE IN FORT COLLINS 
TANK EXPERIMENTS 


Distance below tank rim to water surface 
in annular space 


1929 1930 1931 1931 
Tank July 6 May 10 Aug. 3 Oct. 9 
Inches Inches Inches Inches 
1 17% 17% 17% 1742 
% 17% i 17% il7 
3 17% 18 18 18 
4 18 17% 17% 18% 
5 17% 16% 17% 17% 
6 18% 18% 17% 18%4 
7 Ae 1y* 2%," 2%" 
8 14," 137 18 18 
9 7% 6% 1% 1% 
10 6% 6% 1% 4 
11 6% 6% 1 1% 
12 6% 614 1% Ye 
13 636% 636 1 Wy 
14 1214 1034? 11% 12% 
15 12% 12% 12% 11% 
16 11% 12% 11% 11% 
17 12% 12 12% 12 
18 13% 12% 12 12 


~ *Free water surface. 
*Supply pipe to tank found to be leaking. 
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These crops were irrigated six times a) 
week during June. Tanks with 6- and 12-: 
inch water tables received 1 gallon, and! 


tanks with 18-inch water tables received | 
2 gallons per irrigation. 


The blue grass was the variety com- | 
the swamp 
grass or sedge represented several mem-- 
bers of the genus Carex. Observations} 
were started July 1. Tank 18, planted! 
to blue grass, supported a sparse growth) 
of sweet clover which was not removed! 
until August 31. The use of water above? 
that by companion tank 15 was quite: 
apparent. 


monly grown for lawns; 


The following season observations were? 
started May 20 and continued until Oc-: 
tober 14 for the same crops in the tanks: 
which were left undisturbed over the win- 
ter. During the season the sedge tanks 
supported a new type of vegetation in ad- 
dition to the sedge grass, described as a 
fine hair-like grass with a soft feathery 
head. This growth was persistent and 
could not be eliminated, and by the end 
of the season about half the sedge grass 
had been replaced by this intruder. 


Table 2 gives the comparison of the 
mean daily evapo-transpiration losses for 
the blue grass and sedge grass for the 
years 1929 and 1930. 


Table 3 gives the weekly ratios of the 
various losses from grasses, fallow and 
free water surfaces. 


Analysis of these evapo-transpiration 
losses indicates that the sedge or swamp 
grass accounts for about 11% times the 
loss found for the blue grass. 


In general, as the wind movement in. 
creased and the relative humidity de 
creased, the water losses from the tank: 
increased. The peak losses occurred wher 
the relative humidity was low. 


, 
n 


¥y 
; 


Y 


» 


B. MEASUREMENT OF EVAPO-TRANSPIRATION LOSSES 


Evapo-TRANSPIRATION Losses FROM CAT- 
Tatts, RusHES, SWEET CLOVER, WILD 
SUNFLOWERS, SuGAR BEeETs, Rus- 
SIAN THISTLES, AND Rep Root 
WEEDS FOR WATER TABLES AT 
DeEpTHs 6, 12, AND 18 INCHEs, 
1931 anp 1932 


At the beginning of the 1931 season 


‘the old Mariotte control apparatus was 


discarded and replaced with the im- 


proved type. The sods and soil used 
the previous two seasons were removed, 
‘and the soil tanks were refilled with new 


loam soil, as previously described. Tank 
8, formerly used as a duplicate or check 
in the determination of the evaporation 
from a free water surface, was filled with 
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soil, and the control apparatus was set 
to maintain the water level at 18 inches. 
This tank served as a fallow soil sur- 
face. 

Sweet clover and sugar beet plants 
were placed in the soil tanks on June 
20; vigorous young wild sunflower plants, 
cat-tails and rushes were taken from a 
nearby swamp area and were also trans- 
planted at this same time. When trans- 
planted the sweet clover and sunflowers 
were about 6 inches tall, the sugar beets 
had four well developed leaves and the 
cat-tails and rushes were between 18 and 
30 inches high; they were later trimmed 
to an average height of 18 inches. The 
cat-tails were of the common typha genus 
and the rushes the scirous genus. 


TABLE 2 


MEAN EVAPO-TRANSPIRATION LOSSES BY BLUE GRASS AND SEDGE GRASS, DURING THE SEASONS OF 1929 
AND 1930, IN INCHES PER DAY 


Season Blue grass Sedge grass Fallow surface Free water surface 
Water table at 6 inches 
Tank No. Tank No. Tank No. Tank No. 
10 13. Mean 9 12 Mean 11 7 8 Mean 
1929 O26 276 454 454 454 151 7S ee S21 SO 
1930 fol0m 6206" 6295 445 420 432 .209 PAUO PAS ADM 
Water table at 12 inches 
Tank No. Tank No. Tank No. 
15 18 Mean 14 17. Mean 16 
1929 250 OOO 250 404 (384 .394 .109 Plime COM LOO 
1930 POO meee LOM ZOU Sie ally sBeul .129 200 seal oseecOn 
Water table at 18 inches 
Tank No. Tank No. Tank No. 
2 5 Mean 1 4 Mean 3 6 Mean 
1929 $204 aba 259 i —oliim SSyal (O71 O83 OT .180 
1930 Pam cOO MOL 426 402 £4414 AGES 9 gillah iidh .207 
TABLE 3 


MEAN OF THE WEEKLY RATIOS OF THE VARIOUS LOSSES FROM THE GRASSES TO EACH OTHER AND TO 
THE LOSSES FROM THE FALLOW AND THE FREE WATER SURFACES 


Depth to Sedge grass to— Blue grass to— Fallow to— 
water 

table —_ Blue grass Fallow Free water Fallow Free water Free water 

Inches 1929 1930 1929 1930 1929 1930 1929 1930 1929 1930 1929 1930 

6 1.57 1.40 3.14 2.01 2.42 1.99 2.19 1.43 1.55 1.42 0.86 1.01 

12 1.70 1.19 3.68 ALTAl 2.16 1.55 2.14 2.24 1.31 1.30 65 65 

18 1.62 UB ay 4.07 2.06 1.98 3.44 2.55 1.43 1.27 AT 55 
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MEAN EVAPO-TRANSPIRATION LOSSES BY SWEET CLOVER, CAT-TAILS, RUSHES, SUNFLOWERS, SUGAR BEETS, 
RED ROOT AND RUSSIAN THISTLES, DURING THE SEASONS OF 193] AND 1932, IN INCHES PER DAY 
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TABLE 4 


Water table at I inch 


Season 
Cat-tails Rushes Fallow Free water | 

Tank No. Tank No. Tank No. Tank No. 

9 12 Mean 10 13 Mean 11 7 
1931 474 464° = .469 513° 426% .470 252 .246 
1932 548! .503' =.526 .609' .569' 589 252 245 

Water table at 12 inches 
Sweet clover Sunflowers 
Tank No. Tank No. Tank No. 
14 18 Mean 15 17 Mean 16 
1931 1.416° 1.407° 1.412 BP BYP BEY 069 246 
1932 = 2.053” 1.647" 1.859. .093 245 
Russian thistle 
1932 GAP Qu? BIG} .093 245 
Water table at 18 inches 
Sweet clover Sunflowers Sugar beets 

Tank No. Tank No. Tank No. Tank No. 

1 3 Mean 4 6 Mean i, 5 Mean 8 
1931 1.743° 1.592° 1.667 448° 466° .457 .200° .197° =.199 041 246 
1932. 1.571? 1.294? 1.432 084 245 

Russian thistle Red root 
Ne OS ae 186 Dials PORE PAS, 084 245 


‘Harvested Sept. 28, 1932; 


"Harvested Aug. 9, 1932; “Harvested Sept. 19, 1932; ‘Harvested 


Sept. 20, 1932; °Harvested Oct. 31, 1931. | 


TABLE 5 


MEAN OF THE WEEKLY RATIOS OF THE LOSSES FROM THE VARIOUS CROPS TO EACH OTHER AND TO 


THE LOSSES FROM THE FALLOW AND FREE WATER SURFACES 


Year Water table at 1 inch below the soil surface 
Cat-tails to Rushes to Fallow to 
Free Free 
Rushes Fallow water Fallow water Free water 
1931 1.03 1.89 1.96 1.88 1.93 1.06 
1932 0.92 2.10 2.16 2.36 2.40 1.06 
Water table at 12 inches below the soil surface 
Sweet clover to Sunflowers to Russian thistles Fallow to 
Sun Russian Free ree Free Free 
flowers thistles Fallow water Fallow water Fallow water water 
1931 7.54 23.44 6.61 5.49 ia 0.32 
1932 12.07 2601 7.40 1.92 0.66 0.39 
Water table at 18 inches below the soil surface 
Sweet clover to Beets to 
Sun- Red Russian Free Sun- Free 
Beets flowers root thistles Fallow water flowers Fallow water 
1931 8.88 7.58 47.50 7.90 0.67 Dane 0.87 
1932 8.42 9.26 24.35 5.94 
. Red root to Sunflowers to Russian thistlesto Fallow to 
_ Russian Free Free Free Free 
thistles Fallow water Fallow water Fallow water water 
1931 13.98 1.76 022 
1932 1.31 3.59 0.88 2.78 0.73 0.38 


4 


5 a 
- 


These several specimens were transplant- 
ed to the following conditions: 


——— 
23 @ one 5 F 
a s mS = Sa a Ses 
gc B28 Bee S gas 
m LSS a3 ‘Ss Za5 
land 3 18 18 Sweet clover 4 
Zand 5 18 18 Sugar beets 3 
4and 6 18 18 Wild sunflowers 5 
7 ee as Free water surface 
8 18 18 Fallow surface a 
9 and 12 1 6 Cat-tails 5 
10 and 13 1 6 Rushes 5} 
ll 1 6 Fallow surface bs 
14 and 18 12 12 Sweet clover 4 
15 and 17 12 12 Wild sunflowers 5 


16 12 12 __—‘ Fallow surface 

Observations were started July 1. The 
outstanding result of this experiment was 
the excessive use of water by sweet clover 
in comparison with that of the other 
plants. The maximum daily demand of 
nearly 4 inches occurred in September. 
The next competitor was _ sunflowers, 
which demanded nearly 1 inch daily the 
latter part of July. The rate of loss is 
obviously dependent upon the number of 
plants growing in the tanks. For the re- 
lation just cited the concentration of 
growth in the individual tanks was es- 
sentially that of plants growing under 
normal field conditions. The use of 
water by the sugar beets was moderate. 
These plants were considerably undersize 
in comparison with average field growth; 
the average weight of the six beets was 
less than 4% pound. However, they 
were well formed. 

For the 1932 season the sweet clover 
and swamv growths were carried over 
from the previous year and were not dis- 
turbed. The sugar beets grown in tanks 
2 and 5 in 1931 were replaced by six 
evenly distributed red-root plants (Amar- 
anthus, commonly known as_ pigweed). 
The sunflowers grown in tanks 4, 6, 15 
and 17 in 1931 were replaced by six 
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Russian thistle plants in each of these 
four tanks. 

Observations started May 3 and were 
continued until September 27. For this 
season the sweet clover again showed the 
use of a large quantity of water. The 
maximum daily demand of 5 inches was 
observed in July. The cat-tails and 
rushes were second in demand at about 
1 inch occurring in August. The Rus- 
sian thistle, a common weed in Colorado, 
proved to be a moderate user; its use 
approached about 1‘/s; inch during the 
early part of August. 

Table 4 gives the mean evapo-transpi- 
ration losses in inches per day for sweet 
clover, cat-tails, rushes, sunflowers, sugar 
beets, red root and Russian thistles for the 
seasons 193] and 1932. Table 5 gives 
the weekly ratios of losses for these 
various plants to each other and to the 
losses from the fallow and free wate 
surfaces. These data indicate that for 
the swamp plants with a l-inch wate 
table, this growth uses water in a ratio 
of about 2 to 1 as compared with the 
evaporation from the free water surface. 
The use by sweet clover growing in the 
soil tanks having a 12-inch water table 
is about 7 times the loss from the free 
water surface and about 25 times the loss 
from the fallow surface. This same crop 
for the 18-inch water table shows essen- 
tially the same ratio of loss to the evapo- 
ration from the free water surface as 
was found for the 12-inch water table. 
However, in this case it is more than 30 
times that from the fallow surface. 

CoNncLusIoNns 

The results of this investigation are 
not conclusive as to the actual use of 
water by plants utilized when growing 
in a natural environment. It is probable 
that the evapo-transpiration loss under 
actual field conditions would be less than 
that reported, in much the same ratio 


1The number of roots transplanted. By the end of the season there were many more stalks, 


especially in the rush tanks. 


During 1932, the growths were fairly heavy. 
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found for evaporation from a large body 
of water when compared to that from a 
small evaporation pan. 

The results obtained were reasonably 
consistent but do not represent observa- 
tions numerous enough on any one crop 
to establish definite relations. 

The use of water by sweet clover in- 


LAND USE PATTERNS IN EROSION AND FLOOD CONTROL 


By W. C. LOWDERMILK? 


Soil Conservation Service 


States show all the topsy-turviness 
of immaturity. They have been 
determined by forces which have not yet 
reached full adjustment or equilibrium; 
and at the present time they are in a state 
of change over wide areas of the country. 
Patterns of cultivated land have taken 
form without regard to sustained use of 
land and water, or a permanent agricul- 
ture. They are essentially the patterns of 
exploitation, resulting from the economic 
and social forces which have impinged 
upon natural patterns of geological struc- 
ture, land relief, climatic types, soil types, 
and natural vegetation. Today these de- 
termining economic and social forces are 
changing rapidly; and in the course of 
their development they have set in motion 
the forces of accelerated erosion which 
introduces further instabilities in the pat- 
tern of land use. It is our purpose to 
consider in a preliminary way some of 
the determining factors of land use pat- 
terns which may be introduced to assure 
permanence in agriculture; and to bring 
about the control and conservation of 
water resources and the retardation of 
storm run-off. 
The land use patterns of permanent 
grassland and forest areas will, of course, 
undergo little change. It is rather within 


| AND use patterns within the United 


‘Collaborators in preparation of paper: E. J 
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dicates a relatively heavy draft on the so 
moisture or the free water supply hel, 
at the elevation of the water table whe: 
it is near the surface. | 
The Mariotte automatic control unit 
used to measure the rate and amount 
the evapo-transpiration losses have bee: 


found to operate satisfactorily. 


the farming areas, including farm wooc 
lands, arable pastures, grasslands, an 
cultivated fields, where land use patter 
are subject to most rapid change. It i 
to such areas that we shall give our a 
tention. 

The patterns of natural vegetation an 
of undisturbed soils represent the re 
sponses to the prevailing climatic cond 
tions of the recent geologic past. In lik 
manner, the geologic norms of erosio: 
and the regimen of streams are adjus: 
ments after thousands of years to the pre 
vailing character of geology, topography 
climate, soil and vegetation. 

Within this framework of controllin 
natural factors chance still plays a par 
Occasionally it brings about unusual cor 
binations of variable factors and produce 
extraordinary results. Floods, for e: 
ample, have occurred throughout a lon 
past and will occur from time to tim 
The channel and valley of almost an 
large river testify to such occurrence: 
The channel represents the prevalent cha: 
acter of the stream, while the valley floo 
plain deposits represent the occasion: 
overflowing by unusual flood flows. Suc 
super-floods are generally the results « 
chance combinations of heavy rainfa 
patterns upon an intricate system « 
tributary streams. 


. Utz, W. J. Roth, and R. S. Goodridge. 
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LAND USE PATTERNS IN EROSION AND FLOOD CONTROL 


When a landscape is occupied in a rela- 
tively brief span of time by a vigorous 
and growing population, and when this 
population brings to its aid marvelous 
machines and fabulous power such as the 
world has never previously known, the 
changes wrought in the patterns of vegeta- 
tion and soil are far-reaching. Such a 
transformation has occurred in the conti- 
nental United States; and has brought 
about changes in soil and vegetative pat- 
terns which have never been equalled in 
extent and rapidity in the history of 
civilized man. It is the part of the 
scientific agencies of the nation to take 
note of this transformation, to diagnose 
the trends inherent in the past and present 


uses of land, and to discover what are the . 


essentials for sustained productivity and 
utility of the resources of soil and water, 
as a basis of national welfare. It is well 
to review the present status of land use 
as influenced by both natural and eco- 
nomic factors. 

The influence of relief as conditioned 
by geological structure and_ erosional 
process on land use is direct and pro- 
found. Rough mountainous areas are ob- 
viously not adaptable to agriculture. Such 
areas have served as effective barriers to 
the settlers of the Nation, and now repre- 
sent definite boundaries for communities 
and regions. Broad, level plains are most 
suitable for extensive mechanical farming 
operations, such as the growing of wheat. 
On rolling topography the tendency is 
toward the development of a diversified 
agriculture. In more mountainous areas 
agriculture is frequently of the subsistence 
type, with a very small portion of the 
land actually in cultivation. 

The pattern of climatic environment, 
within the bounds of the other factors, 
tends to determine, or at least to limit, 
the area to which a given land use pat- 
tern may develop. The Great Plains 
have insufficient moisture for corn pro- 
duction, but are suitable for extensive 
grazing and the growth of small grains. 
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Cotton can be produced only where the 
growing season is long and rainfall plente- 
ous. The beef industry depends upon a 
good supply of grass, while dairying is 
additionally influenced by the economic 
factor of proximity to markets. Profitable 
large-scale potato growing is possible only 
in a cool climate, while corn requires hot 
weather during the growing season. For 
every crop there are areas with an opti- 
mum climatic environment; other areas 
where on account of extreme conditions 
it will not succeed at all; and a rather 
broad area with intermediate conditions 
where some degree of success is possible. 

While soil productivity plays a promi- 
nent role in land use yet patterns of use 
are influenced in large measure by loca- 
tion. Some of our most fertile soils, the 
Chernozems and Brown soils, are located 
in a climatic environment which defi- 
nitely limits their productive possibilities. 
In contrast, the fertile Hagerstown soils 
of the limestone valleys and the dark- 
colored soils of the Corn Belt are for the 
most part utilized in crop production. In 
other cases, advantageously situated areas 
may have unproductive soils. Some very 
sandy soils, as for example in northern 
Indiana and in Michigan, have very little 
utility except as forest and recreational 
areas, in spite of favorable location. The 
productivity of a given soil depends upon 
its physical properties, including aera- 
tion, drainage, and water-holding capacity, 
and upon its inherent fertility and poten- 
tial productivity: its present type of use 
is determined in part by location. 

These factors condition the present use 
of land, but the sustained use of land is 
determined fundamentally by the conserva- 
tion of the integrity of the physical body 
of the soil resource. If use of land at 
the same time entails its wastage and 
destruction, agriculture is founded on 
shifting sands indeed. It can not endure. 
With the dissipation of the physical in- 
tegrity of the resource goes liberty of ac- 
tion in future use of the soil resource: 
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such land will be condemned inexorably 
to less important uses. On the other 
hand with the integrity of the resource 
conserved, liberty of action in land use 
is assured wherein less or more produc- 
tion of crops may be grown to meet 
prevailing demands. The relative sus- 
ceptibility of a soil to erosion wastage 
therefore requires full recognition in 
adopting the patterns of use to sustained 
use of land. 

Potential wastage of the soil resource 
by erosion under any given cropping prac- 
tice is condition by soil type, by climatic 
factors, of which intensity of rainfall is 
most important and by slope gradient. Of 
these three factors slope gradient is most 
important; it will in the end determine the 
span of use of cultivated lands. The 
steeper the gradient the greater is the 
hazard of erosion. Patterns of perma- 
nent use under cultivation follow the out- 
lines of practically flat lands. Undrained 
and swampy lands are not suited for culti- 
vation for other reasons, and represent a 
comparatively small percentage of the 
total agricultural area. Cultivation of 
sloping lands is temporary, even suicidal 
agriculture; if cultivation of such areas 
is to endure, slopes must be flattened to 
safe gradients by some type of terracing. 
This is not a discovery of modern science, 
but a fundamental fact recognized cen- 
turies ago by the Igorots of the Philip- 
pines, by the Incas of the so-called New 
World, and by the farmers of China for 
four thousand years. It is estimated that 
there are only 75 million acres of flat 
arable lands within the United States, 
where the hazard of water erosion is 
negligible. And our principal agricul- 
tural production must come from nearly 
300 million acres of sloping lands. The 
development and application of appro- 
priate measures for safeguarding these 
sloping lands under cultivation becomes a 
matter of first importance for the welfare 
of the nation. 

The essential feature of soil and water 
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conservation on sloping lands is the re-) 
duction of gradients of cultivated areas. 
Other measures and practices designed to 
maintain or increase the infiltration ca- 
pacity of soils are important but the: 
continued use of such lands will depend. 
chiefly on reducing the hazard of slope. 
On gentle slopes, usually not in excess of: 
5 per cent, soils may be conserved and 
storm run-off held to a minimum merely 
by observing established sound agricul- 
tural practices. But on steeper gradients 
special measures and practices must be 
applied on the contour to safeguard the 
soil. Land use patterns under permanent 
agriculture, including the necessary con-- 
trol of storm run-off and erosion, will! 
inevitably be governed by contours. Thus: 
topography will determine the land use? 
patterns under a permanent agriculture,, 
at least in their major outlines. Land. 
with a natural slope too hazardous for’ 
sustained cultivation will eventually be: 
abandoned to forest or other perennial 
cover as it has been in pioneer areas since 
hill lands were first cleared and culti- 
vated. Shifting cultivation, moreover, is) 
a temporary expedient. An economy of. 
survival will eventually justify the level 
bench terracing of steep lands. 

Operating within the framework of 
these natural controls, the current eco-. 
nomic and social forces also act to influ- 
ence land use patterns. In Peru, for ex- 
ample, the requirements for survival of 
the Inca civilization eventually resulted 
in a transformation of the very face of the 
landscape. Superimposed upon the natural 
land patterns were the economic and so- 
cial forces. It may be well to consider 
briefly the play of these forces since land 
use patterns to control erosion and flood 
flows in this country will doubtless be 
influenced more and more by the increas- 
ing needs and demands of a growing resi- 
dent and dependent population. In a 
period of exploitation land use patterns 
are determined within broad lines by the 
current economic and social forces, but 
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‘in the end, they will be determined by a 
‘combination of these forces and the nat- 
ural controls. 

- Economic and social forces influence 
the use of land through the play of de- 
liberate efforts as well as by chance. 
Among the forces of deliberate action are 
the land policies of local and national 
governments, customs and laws of land 
tenure, and the public attitude toward 
problems of land use. Other forces are 
fortuitous. They include the trends to- 
ward mechanization which involve a shift 
from feed crops for draft horses and 
mules to crops sold for cash to buy gas 
and oil and to make payments on mechan- 
ized equipment. The extraordinary de- 
mands for farm products occasioned by 
the World War offer another example of 
a social force which influenced land use 
patterns in a decisive way. In similar 
fashion, the traditions of peoples will in- 
fluence their type of agriculture and crops. 
Immigrants coming to the United States 
from northern Europe generally sought 
out climatic conditions similar to those of 
their homelands where their traditional 
agriculture patterns would need the least 
adjustment and orientation. 

The effect of our national urge for land 
settlement brought the continental area of 
the United States under the plow in a 
remarkably short period of time. From 
the first crude efforts at Jamestown in 
1607 the conquest has proceeded at such 
an accelerated pace that now, but 300 
years later, so much of our continent is 
in productive use that we have the para- 
dox of a nation hungry because of an 
eronomic excess of food products. Up to 
1920 our population seemed to outrun 
the production of food supplies and the 
Malthusian spectre of population pressing 
on food supply constantly threatened. To 
meet domestic and foreign demands as 
well we were driven to put forth every 
effort for expansion of our productive 
area, through reclamation, drainage and 
other means, as well as to seek an in- 
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crease in production through improve- 
ments in efficiency. 

Since 1920, however, the tables have 
apparently turned; the foreign demand 
has diminished; and we are now faced 
with the paradox of food supply outrun- 
ning population, of excess production, of 
agricultural surpluses beyond the capacity 
of the country to buy, and of agricultural 
depression. The reasons for this situaticn 
are many but behind all lies the urge to 
push agricultural production into every 
nook and cranny of our United States, 
onto every acre of available land area. 
The prevailing policy was to open and 
cultivate as much ‘of our land surface as 
possible. The effects of this policy on 
land use patterns and on accelerated soil 
erosion have now created a grave national 
probiem. The silted streams, the sedi- 
ment-filled reservoirs, as well as the floods 
incidental to depleted and denuded land 
areas, are mute but certain testimony. 

Land use patterns are also obviously 
affected by type of farming. For example. 
the production of feeder cattle or sheep 
requires large amounts of pasture for 
summer use. Since this type of livestock 
production requires only a maintenance 
ration during the winter months, there is 
but little demand for hay or grain. Con- 
sequently the land use pattern under these 
conditions is one with a large percentage 
of the area in pasture and a small per- 
centage in grain or hay crops. Dairy 
cattle, on the other hand, require pasture 
and grain during the summer and hay 
and grain during the winter. As a conse- 
quence, this type of farming is best adopt- 
ed to a land use pattern of approximately 
equal acreages of hay, grain, and pasture 
The production of hogs and poultry or 
the dry lot feeding of beef cattle or sheep 
requires large amounts of grain, especial- 
ly corn, and comparatively small amounts 
of hay or pasture. As contrasted with 
livestock production, a cash type of farm- 
ing requires only small amounts of pas- 
ture and hay while most of the acreage 


1044. 


is devoted to the production of cash crops. 
These examples will suffice to indicate the 
close correlation between land use pat- 
terns and type of farming. 

In many cases, the physical character- 
istics of the land or its economic location 
practically dictate the type of farming. 
Rough and broken areas are usually given 
over to grazing or forests. Proximity to 
large centers of population and the conse- 
quent demand for perishable products will 
force truck crops onto the less produc- 
tive lands, while land better suited for 
cultivation but located at some distance 
from consuming centers may be devoted 
to less intensive uses. 

Land use patterns in the United States 
have also been influenced by the method 
of surveys. In the colonial area, the sur- 
veys by metes and bounds produced land 
ownerships in irregular tracts. The to- 
pography influenced the running of such 
survey lines. But in the rectangular sur- 
vey heralded as a great advance in land 
division for the “Northwest Territory” 
and the remainder of the United States, 
section lines were run without regard to 
topography. Boundaries of land tracts 
were laid out straight and on north-south 
and east-west lines. Farm field bound- 
aries generally ran parallel to the tract 
boundaries. Plowing and crop rows fol- 
lowed straight lines up and down slopes. 
The “best farmer” had perfectly straight 
rows. Thus the rectangular survey has 
had a far-reaching influence upon meth- 
ods of farming conducive to accelerated 
erosion and run-off. It has worked against 
the development of contour agriculture. 

An inventory of the results of land use 
under physical and economic controls 
within the continental United States dis- 
closes an arresting picture. The produc- 
tive agricultural lands of the country have 
been and are being seriously impaired 
and even destroyed on a vast scale by ac- 
celerated erosion. The plant nutrients 
and the very body of the soil itself are 
being removed from cultivated and barren 
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fields and over-grazed pastures and range 
at an ever-increasing rate under unwise 
methods. of soil husbandry. Uplands are 
being impoverished and destroyed for f 
ther cultivation; fertile lower slopes ane 
productive alluvial plains are being cov 
ered with sand, gravel and inert soil ma 
terial washed out of the hills. Stre 
channels, irrigation ditches, farm ponds 
and expensive reservoirs are being fillee 
with erosional debris; flood hazards ar 
being increased by the accelerated run-of 
from soil-stripped, gully-riddled slope 
Desirable species of fish are deserting 
streams made muddy with silt and col. 
loidal clay. Removal of the vegetative 
cover and the absorptive layer of top 
soil has resulted in a reduced soil absorp: 
tiveness, a lowering of ground water 
tables, and a consequent drying of springs: 
So great has been this rate of remova! 
by accelerated erosion that within the 
span of a few years there has been swep* 
from the cultivated fields and overgrazec 
pastures and ranges soil that was laic 
down by nature over a course of cen 
turies. 

Fully 80 per cent of the farmland are 
of the country consists of sloping lanc 
which is potentially subject to water ero 
sion wherever planted to clean-tilled crop: 
or overgrazed. This sloping land is cov 
ered to a depth of only 7 to 11 inche: 
with the more productive topsoil. Thi 
shallow layer of indispensable natural re 
source, representing the farmer’s principa 
capital, is being removed bodily at rate 
ranging generally from about 3 to 20, 60 
or 75 years, depending on the kind o 
soil, the slope, the rainfall, and the typ 
of agriculture. 

The continued prosperity of the natio. 
is dependent upon a profitable agricul 
ture. The rich humus-charged surfac 
layer of soil, once stripped from the lanc 
cannot be replaced, even though it ha 
been moved only down to lower slopes i 
the same field. With this productive so: 
gone, agriculture is subjected to an eno} 
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nous hidden tax in the form of costs of 
mproving depleted soils and _ subsoils 
vhere possible for necessary production 
or national needs. This tax burden not 
mly rests on the tiller of the soil but 
ypon the consumer of his crop as well. 
such a burden may be avoided through 
he conservation of existing topsoils un- 
ler use. Proper conservation of this 
ayer of priceless topsoil is consequently 
he greatest problem confronting the na- 
ion today. The problem is so intricate 
ind complex in nature that it is national 
n scope and character. Its injurious ef- 
ects reach into every home on the North 
American continent. 

Approximately 610 million of the 1,903 
million acres comprising the total land 
irea of the continental United States, are 
lassed as cropland. It is estimated that 
it least 50 million acres of this cropland 
ave been destroyed or rendered useless 
or further agricultural production. An 
idditional 50 million acres have been 
Jamaged to a slightly less degree. This 
otal is equivalent to approximately 833,- 
JOO farms of 120 acres each, an area 
vearly equal to the combined extent of 
Jhio, Illinois, Maryland, and North 
zarolina. 

An additional area of approximately 
(00 million acres, most of which is still 
n cultivation, has lost the greater por- 
ion or all of its topsoil, with fertility so 
educed that crops originally produced 
mM one acre now require anywhere from 
2 to 10. In addition, this land has been 
ncreasingly more difficult and expensive 
o cultivate. It has shed rain water with 
rowing rapidity. It has increased flood 
lazards, it has augmented the rate of ero- 
jon, the sedimentation of reservoirs, and 
he shoaling of stream channels. 

Approximately half of the best farm 
and of the nation has been affected by 
rosion in degrees varying from the stage 
f incipiency to complete destruction. 
Tens of thousands of farmers throughout 
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the eroding areas of the nation have been 
reduced to subsoil or bankrupt farming. 
The damage to and the burden upon 
agriculture does not stop here. Such 
lands are essentially destroyed for future 
agricultural use, thus permanently affect- 
ing the potential land use patterns of the 
nation. The cost to the nation is stu- 
pendous; and payment will be exacted 
inevitably from the present and future 
population. 

Farmers, especially of the southeastern 
United States, have been combating ero- 
sion for more than three quarters of a 
century with little success. The rate of 
destruction has increased tremendously in 
spite of all their protective efforts. Lack 
of accurate information relative to the 
seriousness of accelerated erosion has se- 
verely hampered these efforts. The use of 
a piecemeal or single-handed method, em- 
ploying only one angle of approach, such 
as hillside ditching or terracing, has 
made the problem impossible of solution. 
In light of recent findings, it is possible 
that these single-track methods of combat 
were effective on land with gentle slopes, 
but that they may have even speeded up 
the process on a very large area of 
steeply sloping land with high erodible 
soil. 

These losses and wastage of soil is due 
to accelerated or man-induced erosion, 
brought about by the destruction of the 
balance between soil formation and soil 
removal which is obtained under natural 
undisturbed conditions. The leisurely 
process of normal or geological erosion 
in its work of sculpturing landscapes pro- 
ceeds at rates not in excess of those of 
soil formation. The body of the soil 
proceeds despite this geologic erosion. 
Removal of the stabilizing cover of vege- 
tation and the subsequent careless cultiva- 
tion and overgrazing of sloping land by 
the white man has led to excessive wash- 
off and run-off, brought on chiefly by the 
reduced infiltration and absorption of 
water by the soil. 
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Absorption, percolation, run-off, and 
erosion are interdependent processes, and 
for all practical purposes may be con- 
sidered as four phases of the one prob- 
lem of soil and water conservation. The 
slope, soil type, climate, density of cover, 
and land use are factors profoundly in- 
fluencing these processes. The removal of 
vegetative cover lays soil bare and ex- 
posed to the fury of dashing rains and 
storm run-off and of sweeping winds. The 
damage is further intensified by cultiva- 
tion, which vitiates the permeability of 
virgin soil by disrupting its normal granu- 
lar or loamlike structure, and closes the 
hidden passages made by earthworms, 
insects, and plant roots. The humus con- 
tent—the life giving, sponge-like binding 
material—is destroyed by processes of de- 
composition and oxidation with subse- 
quent cultivations. By such practices ex- 
vloitative agriculture has impaired within 
a span of a few years what nature has 
built up over countless centuries. 

The conditions under which American 
agriculture first developed were such that 
the average American has hitherto gen- 
erally regarded the land with but little 
love and small understanding. Colonists 
coming from limitless reservoirs of popu- 
lation in the old world began a westward 
trek across America under conditions 
which led them to believe the continent 
offered boundless and inexhaustible sup- 
plies of land. Frontiers of new land 
have disappeared on the Pacific shores. 
New frontiers are reappearing in the con- 
servation of occupied lands in the East 
as well as in the West. Vast stretches of 
forest are gone; the wild game has been 
killed; some species of game birds have 
been exterminated. On every hand we 
find hundreds of millions of erosion-made 
gullies and tens of millions of acres of 
erosion-exposed clay subsoil where there 
was not a single such gully, nor one acre 
of man-induced, freshly-exposed subsoil 
when the Pilgrims landed on the New 
England shores. 
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With the vegetable cover and fertile top 
soil gone, erosion proceeds at an ever 
increasing rate, the water rushes over th 
surface at an accelerated speed, heavil: 
laden with silt. Once the topsoil i 
sliced, the cutting process becomes greatl 
intensified as the silt-laden water strik 
the subsoil. So great has been the de 
struction by erosion that approximatel: 
one acre out of each six in cultivation h 
been seriously damaged or essentially de 
stroyed within the short span since th’ 
white man took over the country. Muct 
of this damage has been caused by wina 
erosion, a process which removes soi 
materials somewhat after the manner 
water erosion, and calls for similar com 
trol measures, involving the conservation 
of every possible drop of rain in the soi! 
for the stimulation of protective plan: 
growth, 

It is well to differentiate between wine 
and water erosion as they may affect lane 
use patterns. Wind erosion occurs chiefl; 
in the semi-arid to semi-humid region 
and may be more destructive on lands o 
low gradients than on steeper areas. Th: 
limits of productivity conditioned by so 
called wet and dry cycles determine in ; 
major way the land use patterns of area 
such as the Great Plains. It is not simple 
however, during dry periods to conver 
abandoned wheat fields into grasslands 
And wind erosion may thus set in motiot 
sand dune formations at rates in exces 
of those of natural restoration. Contro 
of wind erosion does not, however, intro 
duce any impcrtant land use pattern 
other than those indicated for the contro 
of water erosion. 

Water-caused soil erosion appears to b 
responsible for the destruction of land 
and the acceleration of storm run-ol 
which will in time influence land us 
patterns more than any other variable fac 
tor. Other things being equal, the slop 
factor plays the most important role i 
accelerated erosion. Within regions « 
similar characteristics, slope will cond 
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En the land use pattern more than any 
other constant factor; it governs the type 
and application of measures for soil and 
water conservation. 

Preparatory to treatment of an area for 
soil and water conservation, by the Soil 
Conservation Service, it is necessary to 
make a detailed inventory of land condi- 
tions known as a conservation survey. 
Such surveys include the mapping of the 
project area to show four controlling fac- 
tors: namely, present land use, soil type, 
degree of erosion, and slope. Soil type 
determines within limits the kind of use, 
and must be taken into consideration in 
adapting measures and practices to the 
land. The erosion factor is an important 
record of past land treatment and must 
be considered in planning improvement 
or change in use. The slope factor, when 
others are uniform, determines the areal 
distribution of land uses in an improved 
program; it is the major factor in defin- 
ing the patterns of use within farm bound- 
aries and within the limits of safe and 
sustained husbandry. 

Accordingly the classification of slopes 
has been made a very important phase of 
all conservation surveys. Four broad 
slope classes are used, namely A, B, C., 
and D. “A” slopes are defined as those 
on which the erosion hazard under culti- 
vation is negligible. It is assumed that 
good farming practice, including rota- 
tions, fertilization, and restoration of or- 
ganic matter, suffices to maintain the land 
in a state of sustained productivity. “B” 
slopes are those on which clean-tilled 
crops cannot safely be grown without spe- 
cial additional measures and _ practices, 
such as strip cropping and _ terracing. 
They may, however, be devoted to close- 
growing grain corps without special mea- 
sures if good rotations are followed. 
Within certain areas “B” slopes are fur- 
ther divided into sub-classes as “B” and 
“BB” to which measures are restricted. 
“C” slopes are too steep for tilled crops 
and should be retained in permanent 
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grass or forage cover. When there is 
insufficient land in the “A” and “B” slope 
classifications within a farm, close-grow- 
ing grain crops may be assigned tem- 
porarily to the “C” slopes. “D” slopes 
are those which should be maintained in 
an unbroken condition, usually of forests 
or woodland cover. It soon becomes ap- 
parent that conservation of soil may also 
include adjustment of farm size and 
boundaries to include a proper distribu- 
tion of areas in the several slope classes. 

The limits of these slope classifications 
vary from one region to another accord- 
ing to soil types and rainfall character- 
istics. For example, the slope classifica- 
tions of the Marshall silt loam in north- 
eastern Jowa are as follows: 


Slope classification Range in gradients 


Per cent 
A 0-3 
B 3- 8 
BB 8-12 
C 12-16 
D Over 16 


In some areas where the water erosion 
hazard is especially high, “A” slopes do 
not exceed a gradient of 1 per cent and 
“B” slopes include nothing over 5 per 
cent. Thus the range of land gradient 
within which erosion control may be 
achieved by appropriate measures and 
practices is small. 

Reduced to its simplest terms, the ma- 
jor forward-looking problem in soil and 
water conservation consists in the appli- 
cation of erosion control measures to the 
farming of sloping land until such land 
is converted into bench terraces either by 
construction or cultural practices. The 
ultimate land use patterns of tilled fields 
will follow the contour. 

It will be some time before the Ameri- 
can people are driven to the construction 
of bench-like terrace walls, although it 
must be recognized that we would do so 
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to survive, as did the Incas. The broad 
base or “mangum terrace” while not a 
true terrace, may lead in time to a very 
simple and inexpensive method of bench- 
ing sloping farm lands of suitable soil 
profiles. The establishment of perma- 
nent strip crops either of low vegetation 
or, in some cases, of forest vegetation 
serves to bench cultivated slopes. The 
cultivated strips are gradually flattened by 
the down-slope movement of soil caused 
by plowing and washing. The contour 
strip of permanent vegetation acts as an 
absorbent band across the slope and a col- 
lector of soil moved down from above; it 
steepens in time, forming a riser between 
bench terraces. 

The benching of land by this simple 
and inexpensive means is not adaptable to 
thin soils or to regions of high run-off 
coefficients. Objections to its use are 
raised; benches interfere with the use of 
prevailing farm implements. It has wide 
possibilities, however, which need to be 
explored in any thorough program of 
soil and water conservation. It may be 
more important to adapt the farm imple- 
ment to the conservation of the land than 
the use of the land to a type of imple- 
ment. 

It is apparent that changes in land use 
patterns to bring about the control of 
erosion and storm run-off as they affect 
flood flows must be gradual. Much is in- 
volved. Ownership patterns have evolved 
from land survey methods which com- 
pletely disregarded the topographic fea- 
tures of the land. The sudden readjust- 
ment of ownership patterns to favor con- 
tour fields and terracing would obviously 
encounter a multitude of obstacles. At 
best the modification of use patterns 
aimed toward a more effective control of 
erosion and of storm flows must be pro- 
gressive and continuous until the goal is 
reached. 

Two examples of drainage area treat- 
ment are selected at random to disclose 
some of the problems involved and how 


they may be progressively solved. The 
are the Tarkio project of Missouri, an 
the McGregor project of northeastern 
Iowa. 

The West Tarkio project area include 
the 100,869 acres drained by the West’ 
Tarkio creek. The relief is rolling, vary~ 
ing in gradients from 0 to 20 per cent. 
The distribution of area by slope classes 
is as follows: 


Percentage of 
Slope class on limits total area 
Per cent 

A 0- 3 31.4 

B md 225 

BB 7-12 44.5 

C 12-15 2. 

D 15+ 0.1 + 

Total area (acres) 100,869 


The predominant soil type is Marshall 
silt loam, which is very absorptive of 
water down through the immature pro- 
file. The average annual rainfall is about 
32 inches. About 36 per cent of the 
project area is in cultivated crops, prin- 
cipally corn. | 

West Tarkio drainage has been treated 
with erosion control measures applied in 
cooperation with farmers. Since 1934. 
8,000 acres have been taken out of corn 
cultivation and put into close growing 
crops; the acreage devoted to legumes 
has increased more than 4,000 acres 
Strip cropping and terrace systems have 
been installed; sodded water-ways anc 
terrace outlets constructed. On April 21 
1937, the erosion and storm run-off con 
trol measures were subjected to a sever 
test when 4 inches of rain fell on the 
area in 114 hours. A storm of this rain 
fall intensity is estimated to have a 10 
year frequency. The terraces, contou 
listing, legume cover crops, and grasse: 
waterways served to safeguard the im 
proved area from serious damage. N 


z 
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terraces were broken; whereas on the ad- 
jacent unimproved East Tarkio Creek 
drainage serious erosion occurred, and 
flood flows washed away bridges and 
left heavy deposits of soil on overflowed 
lands. While these comparisons must be 
considered preliminary, they seem to in- 
dicate the direction in which land use 
patterns as well as practices must go to 
safeguard soils and to guard against the 
damages of excessive storm run-off. 

_ The second illustrative area is the Mc- 
Gregor project area in northeastern Iowa. 
This fan-shaped drainage of 2,250 acres 
discharges its flow through the narrow 
valley in which the town of McGregor has 
grown. The slopes of the drainage are 
fairly steep; they are covered by sparse 
stands of timber, overgrazed woodland 
pasture, and badly eroded fields: 

The town of McGregor was founded in 
1816; the clearing and cultivation of the 
uplands began about 1840. The town of 
McGregor grew rapidly during the first 
half century until its population had 
reached 4,000 by 1870. Since that time 
the population and assessed valuation have 
decreased. For years the town has suffered 
from intermittent floods, the first of which 
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occurred in 1866. Since that time damag- 
ing floods swept down on the town in 
1890, 1896, 1902, 1908, 1916, 1924, 1932, 
and 1934. Minor floods average one in 
every two years. The damage has become 
such a burden upon the municipality that 
business and residents have been moving 
to other locations. 

The fan-shaped watershed with abrupt 
and partially denuded slopes and im- 
poverished cultivated areas accelerates 
run-off for short periods of time. These 
excessive rates of run-off deposit extra- 
ordinary amounts of silt, rock, and debris 
in storm sewers. The situation calls for a 
many-sided and coordinated plan. It must 
include a variety of measures and prac- 
tices all designed to control erosion on 
the cultivated slopes, to increase the ab- 
sorption of the drainage, and to rob un- 
absorbed waters of their potential destruc- 
tive force on their way through McGregor 
to the Mississippi River. In conjunction 
with these measures, flood detention reser- 
voirs are required further to reduce the 
rate of discharge in the channel through 
the town of McGregor. 

Defense against accelerated erosion and 
run-off from the drainage calls for a 


TABLE 1] 


LAND USE PATTERN OF MCGREGOR PROJECT 


(Contracted 5 year plan) 


Ideal 
pattern of land use 


1937 


1935 survey Under S.C.S. conservation program _ on basis of slope classes 

Acres Per cent’ Acres Per cent’ Acres Per cent* 
Protected timber 286 13 seh . 1239 55 
Unimproved pasture ___ 908 40 ne es 
Permanent meadow 25 1 271 12 270 12 
Bultivated land _.___ 765 34 553 25 451 20 
City of McGregor 269 We 282 13 293 13 

2253 100 2253 100 2253 100 

Terraced 182 8 
Strip cropped 120 5 


‘Percentages expressed in round numbers. 
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modification of land use patterns and for 
supplemental measures. The status of 
land use as disclosed by the 1935 erosion 
survey is compared in Table 1 with the 
land use plans developed under the soil 
conservation demonstration project. 

Of the 2,253 acres of land in the water- 
shed (inclusive of the area within the city 
limits of McGregor), fourteen acres, or 
approximately 1 per cent, has a slope of 
less than 3 per cent. In other words, 
slightly less than 1 per cent of the area is 
not subject to erosion under normal proc- 
esses of cultivation. There are 372 acres, 
or 16.5 per cent of the area, in the “B” 
slope classification, with gradients vary- 
ing from 3 to 8 per cent. Thus far the 
only cropping practice which is acceptable 
on this slope class in this area was a rota- 
tion, which provided for the exposure of 
the soil under clean-tilled crops only one 
year out of every four or five. On the 
more rolling areas of this slope group, 
contour-strip farming is being practiced. 
In addition, there are 328 acres under 
cultivation in the BB, or 8 to 12 per cent, 
slope group, where mechanical methods 
are used to supplement the above specific 
rotation of crops under a plan of contour 
strip cropping. 

Thus it is evident that an effective ero- 
sion control program can not be brought 
about in 5 years. The compromise be- 
tween the actual and the objective use 
limits the production of clean tilled crops 
to an average annual acreage of approxi- 
mately 160 acres or a total of 553 acres. 
In addition to the above area, 283 acres 
of “C” slope are now maintained under 
permanent grass cover as a means of con- 
trolling erosion, while the major portion 
of the area, 1,239 acres or 55 per cent, 
should, under an ideal pattern of land 
use, be protected from grazing and de- 
voted to the production of woodland 
crops. 

Since a large portion of the watershed 
is held in private ownership, it may be 
some time before land-use pattern condu- 
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cive to permanent agriculture is estak 
lished. Any system of agriculture, to 
economically practicable, would requir 
larger farm units than those now in exis 
ence in this area. The land use nox 
recommended for this area appears to 
the most feasible for this stage of a prc 
gressive pattern and for this type of sul! 
sistence agriculture to effect control ¢ 
erosion and retardation of water in a flo 
control program for the city of McGrego 


SUMMARY 


These examples taken at random from 
great number throughout the United State 
illustrate that the development of a so} 
conservation and erosion control patter 
of land use is not a simple task under thi 
existing natural, economic and social cor 
trols. It must be a gradual process, cor 
sistent with certain fundamental principle 
of safe and sustained land use. ‘The cui 
tivated lands necessary for production ¢ 
food and fiber crops represent the areé 
of greatest hazard as well as of the grea: 
est need for conservation measures. Leve 
lands with good drainage represent th 
surest basis of a permanent agriculture 
as well as of the best safeguard agains 
erosion wastage and accelerated stort 
run-off. The application of this princip} 
to drainage areas introduces the contow 
as a characteristic feature of an improve 
land use pattern. We may imagine the 
as our objective, that cultivated lands ¢ 
a drainage will be restricted to contow 
patterns of low gradient slopes, the pa: 
ture and grazing lands on intermediat 
slope contour areas, and forests and woo¢ 
lands on the steep slope contour areé 
Such an ideal land use pattern must ¢ 
necessity be modified by other factors, bi 
in the end permanent agriculture will d 
mand a pattern of this character, an 
eventually the low gradient or flat benc 
terracing of all cultivated slopes. 
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WHAT IS A FOREST FIRE HAZARD? 


By E. R. MARTELL 
University of Idaho 


It has long been recognized by scientifically minded practitioners that the vocabulary 
of forestry, though rich and broad, is frequently inexact. 
in its literature, wherein many an author makes shift with weak terms of vague mean- 
ing because words of definite connotation are lacking. ity as a 
America is too young to have attained a stage of technical rigidity in its vocabulary, 
but the need for greater precision is evident. 
of forest fire prevention and control, and finds it of questionable value. He presents 
a logical argument for greater clarity of expression, and suggests new terms to obtain 
clear statements of fact. 


a vocabulary of its own. During 

the early development of each field, 
the vocabulary is in a state of flux. In 
time the new field acquires a group of 
words and terms, peculiarly its own, 
which are generally accepted by the work- 
ers in that field. Acceptance may depend 
upon either of two conditions: the word 
or term is particularly apt, or it may be 
ambiguous but intrenched through long 
usage. In the latter event, a few hardy 
souls by gentle pressure or outright re- 
bellion frequently attempt to substitute 
an expression of explicit meaning. If the 
field is a dynamic one (and what field of 
human endeavor is not?), the time ar- 
rives when the vocabulary must be made 
up of concise, explicit words, each carry- 
ing a single, well defined meaning. 

The vocabulary of the field of Ameri- 
can forest fire prevention and control is 
undergoing a change, which is not sur- 
prising in view of its rapid development 
during the past few years. Again, it is 
not surprising that, in a land area as 
large as continental North America, many 
local words and phrases have crept into 
the vocabulary to describe regional con- 
ditions or problems. The fundamental 
problems of all regions are essentially the 
same, though they may vary in degree. 

It follows that, for a comprehensive 
interchange of ideas, the vocabulary per- 
taining to these fundamental problems 


Foe field of human endeavor has 


This inadequacy is reflected 
Forestry as a profession in 


The author scrutinizes the vocabulary 


should be continent-wide and accepta 
to all interested in the field. In add 
tion, each word of this vocabulary sho 
express but one concept, and that c 
cept should be acceptable to the work 
whether in Florida or in Alaska. Th 
are at present words and terms in 
vocabulary of fire prevention and cc 
trol not so accepted, some ambiguoy 
and others whose concept is much 
broad. It is with one of these lati 
words, “hazard”, that this discussion 
concerned. 

Fire is a chemical phenomenon, a! 
form of the process of combustion, 
oxidation reaction, intermediate in rap) 
ity between what we speak of as an ¢ 
plosion and rusting. Fire is so comnr 
that we seldom give it a thought (exce 
professionally when it is uncontrolled 
the forest). Yet it is the same proc; 
whether on the end of a cigarette, im 
stove, or uncontrolled in the forest. In | 
cases four essential conditions are nec 
sary before fire can occur, (1) a sup) 
of oxygen, (2) a supply of fuel, (3) ° 
fuel in an inflammable state, and ( 
sufficient heat to bring about combustii 
Furthermore, these conditions must be 4 
filled at the same time and place. 

For simplicity in this paper oxys 
will be considered a constant. Only 
rare occasions in nature is the oxys¢ 
supply so low that it will not supp 
combustion, though the rate of comb 
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tion is, of course, dependent on the 
amount of oxygen available. We are not 
‘concerned here with the rate of combus- 
tion, but simply the conditions essential 
for fire. 

_ The three remaining conditions, (2) 
fuel, (3) in an inflammable state, (4) 
heat of ignition, are obviously variable. 
‘These three conditions, while intimately 
related, are nevertheless clear and con- 


his statement has been recognized for 
ome time why do we still have confu- 
sion and ambiguity in the vocabulary of 
forest fire prevention and control in ex- 
‘pressing these distinct concepts? 

_ Among the workers and writers in the 
field of forest fire prevention and con- 
trol, there is general agreement on the 
concept of the causative agency, condi- 
tion (4) as enumerated above. The word 
“risk” is ordinarily applied to express all 
causative agencies. The definition of this 
word “risk” as given in the Glossary of 
Fire Terms is “the relative chance or 
‘probability of a fire starting.” (The 
reader is undoubtedly familiar with clas- 
‘sification of causative agencies used by 
the U. S. Forest Service and many states.) 
Thus, if one or more of the causative 
agencies, not rigidly controlled, are pres- 
ent in an area the risk in the area may be 
said to be high. 

_ Consequently, the concept of high risk 
4s clear and concise, it tells us simply 
that one or more uncontrolled causative 
agencies are present in an area, and noth- 
ing more. Low risk tells us that (1) 
€ausative agencies are absent, or (2) 
Causative agencies are under control, i.e., 
Supervised camp grounds, smoking areas, 
tleared rights of way, and burning per- 
mits. Therefore. no reason exists for 
tampering with the word “risk” and its 
fenerally accepted concept. 
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There remain two of the essential con- 
ditions for fire as enumerated above; 
condition (2) a supply of fuel, and con- 
dition (3) in an inflammable state. Un- 
fortunately, the vocabulary of forest fire 
prevention and control is pretty well 
muddled with respect to these two ob- 
viously different concepts. The word 
“hazard”! has been and is still being 
used to cover not one of these concepts, 
but, strangely, both of them. When both 
concepts are included in the word “haz- 
aid” the reader of fire literature may be- 
come hopelessly lost. A given writer will 
speak of an area as having a high hazard, 
using the word to denote an abundance 
of fuel. He will use the same word later 
in describing another area; here he may 
mean a meager fuel supply but in a high- 
ly inflammable state. He is attempting to 
use the same word to cover two highly 
different concepts. 

The literature is full of examples of 
the ambiguous use of this word. It is 
essential for clear understanding that it 
be deleted from the vocabulary and in 
its place two terms substituted, one to 
denote quantity of fuel, the other, inflam- 
mability of the fuel. To retain the word 
“hazard” and use it to denote but one 
concept would be confusing in view of 
its past ambiguity. The more readily 
these new terms can express the concept 
attached to each, the less chance there 
will be for misunderstanding. The author, 
in teaching forest fire prevention and 
control, has used the following terms with 
success in fixing the two different con- 
cepts in the student’s mind. The words 
used and their specific definitions are as 
follows: fuel, amount, arrangement, and 
nature of fuel; inflammability, ability of 
the fuel to burn. 

No defense of these words or defini- 
tions is attempted. They may not meet 
with the approval of the reader, but that 


1The definition of hazard as given in the “Glossary of terms used in fire control” U. S. Dept. 
Agr. Misc. Pub. 70, includes “relative amount, class, character and condition. 


a 
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is beside the point. The point is that 
recognition is given to the two distinct 
conditions—quantity of fuel, and its con- 
dition of inflammability. 

The result is that three distinct terms, 
each having its specific meaning and 
covering one of the three (excluding 
oxygen) essential conditions of fire, are 
set up. Danger of forest fires (summa- 
tion of these essential conditions) is now 
reduced to a ready analysis. Let us see 
how this works out with a simple ex- 
ample. 

Given a ploughed ten-acre field in the 
center of which is a 5,000-gallon recep- 
tacle, which can be tightly closed or 
opened at will, half filled with gasoline. 
On a platform above the open receptacle 
we will place a small boy with a sup- 
ply of matches. Result—great fire dan- 
ger; large quantity of fuel—high fuel 
(condition (2) is fulfilled); fuel is de- 
cidedly inflammable—high inflammability 
(condition (3) is fulfilled); the causa- 
tive agency is uncontrolled and no _ bar- 
rier exists between the causative agency 
and the inflammable fuel—high 
(condition (4) is fulfilled). 

We will now tightly close the recepta- 
cle: fuel still present—high fuel; no 
change has occurred in inflammability— 
high inflammability; a barrier has now 
been placed between the fuel and _ the 
causative agency eliminating the possi- 
bility of heat being applied to the fuel— 
no risk. The summation of the three now 
adds up to no fire danger. A number of 
combinations of the three variable condi- 
tions are possible. 

The three terms can as readily be used 
to express danger of fire in a forest area. 
For example, a western coniferous log- 
ging slash area of recent origin—high 
fuel; protracted period of dry weather— 
high inflammability; frequented daily by 
unrestricted berry pickers—high risk; the 
summation is great danger of a fire occur- 
ring. If the berry pickers are excluded 
and no other causative agency is present, 


risk 
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the danger of a fire occurring is elim 
nated. If the area is subjected te suf 
cient daily precipitation to keep the fue 
moist, the danger of a fire occurring 
low even though the causative agency 
present and the quantity of fuel remai 
the same. 

Applying the terms to an eastern fore 
area: the ground is covered with aut 
accumulation of hardwood _ litter—hij 
fuel; the customary dry period of fall. 
at its height—high inflammability; t 
forest is overrun with deer hunters—hi 
risk. Again the summation is great dé 
ger of a fire occurring. If, however, 
light snow falls the possibility of a 
occurring is eliminated in spite of f 
fact that but one condition essential 4 
fire has been changed, inflammability. 

As a last example, let us take a heav 
traveled road through a California for 
time summer, and the woods tinder d 
but on either side of the road all 1 
fuel has been removed. A heavily trz 
eled road through a forest is usually ce 
sidered as constituting a high risk, a: 
California summer weather usually brin 
about a highly inflammable forest fu« 
but in this example the fuel is absent x 
the summation of the three variable 
sentials for fire adds up to low dang 
of a fire occurring. 

It should be noticed that inflamm 
bility and risk are subject to ray 
change, therefore in expressing the di 
ger of a fire occurring in a forest ai 
the expression must be qualified with | 
spect to time. The danger of a fire 
curring today may be great, tomorn 
it may be negligible. | 

The reader naturally asks, if the abs 
discussion is true and the three essent 
conditions for fire are so clear cut, w 
have they not been recognized befo1 
The entire discussion of this paper cor 
to a focus at this point; certainly, th 
three essential conditions are recogniz 
The whole foundation of forest fire f 
vention and control rests upon them. T 


these three conditions are recognized is 
supported by a few facts: fire prevention 
is the reduction or elimination of risk; 
uel type maps take cognizance of fuel 
concentration; wood cylinders and weath- 
er data are measurements of fuel inflam- 
mability. But the vocabulary of forest 
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The preceding discussion has reiterated 
generally accepted factual information 
concerning the conditions necessary for 
fire and has attempted to emphasize the 
need of precisely defined terms to express 
these conditions. Until the time arrives 
when each of these conditions is ex- 
pressible by its own clearly defined term 
there will continue to be uncertainty and, 
in this case, ambiguity in the literature 
of forest fire prevention and control. 
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CHARLES LATHROP Pack BEQUEST 


> NDER the terms of the will of the late Charles Lathrop Pack, who died Junc 
: 14, 1937 at his home in Lakewood, N. J., the Society of American Foresters 


3 has received a legacy of $2,000. Mr. Pack became an Honorary Member of the 


Society in 1928. 


In his lifetime he took an active interest in its affairs, and this 


~ last remembrance comes as a final testimony to his belief in Society principles and 


his concern for Society welfare. 


et —_ 


Mr. Pack bequeathed an additional $50,000 to the Charles Lathrop Pack For- 


_estry Trust to promote the study and practice of scientific forestry, the scientific 
ae development, and use of forest resources, and the promotion of the 


study and practice of tree planting. 


Jersey forests. 


ee ea 


He also bequeathed $5,000 to the state of New Jersey for the acquisition of, 
or maintenance of, a forest tree nursery, or for forestry planting and work in New 


THE EFFECT OF SEED ORIGIN ON DROUGHT RESISTANCE OF 
GREEN ASH IN THE PRAIRIE-PLAINS STATES 


By LLOYD J. MEULI anp H. L. SHIRLEY 
Lake States Forest Experiment Station, U. S. Forest Service 


Success of forest planting in the Prairie-Plains region is, among other things, depend- 
ent upon the use of drought resistant trees. ig) 
resistance of green ash seedlings grown from seed collected in 39 separate localities 
Seed from the northwest portion of the region produced the most 
drought resistant plants, while plants from southern and eastern seed were least 
Differences were also noted in size of seedling, color of foliage, and time 
of resumption of growth in the spring. All of these differences indicate the existence 
of climatic races within the species. 


of the region. 


resistant. 


more consideration by foresters as 

an important factor affecting the 
survival and future development of plan- 
tations. As a result of studies in Europe, 
several countries there have enacted legis- 
lation prohibiting the importation of seed 
of unknown or of undesirable origin. 
Although in this country no such restric- 
tions have as yet been imposed, nursery- 
men are beginning to demand more com- 
plete information on the seed used to 
produce planting stock. 

The recurrence of drought periods in 
the United States during the past few 
years has emphasized the need for plant- 
ing stock grown from seed of trees which, 
in addition to being of good form and 
development, are drought resistant. The 
results of the present study of the relative 
drought resistance of green ash! seedlings 
of different geographical origin are there- 
fore believed to be of timely interest 
since this is a species of considerable 
present importance in shelterbelt planting 
in the Prairie-Plains region. 


G nore of seed is receiving more and 


‘Due to the fact that there is disagreement 


The authors tested artificially the drought 


among 


Seedlings from seed collected from 
green ash trees, distributed among 
known locations (Fig. 1), were grown 
the greenhouse for six months to one ye 
and then tested for drought resistane 
The tests? were conducted in a special 
constructed machine,® in which artific? 
drought conditions were created by ce 
trol of temperature, relative humidity, a 
wind velocity. 

For purposes of analysis, the collectij 
area was arbitrarily divided into thr 
regions as shown in Figure 1. The resu! 
of twelve individual tests were group 
together and subjected to a_ statistic 
treatment by Fisher’s* analysis of varian 
method. The differences between the htt 
regions were found to be statistically s 
nificant. 

These results confirm earlier findin 
that drought resistance of green ash 
the Prairie-Plains states increases fre 
south to north and from east to west. 
in the preliminary tests, parent trees 
Region I were found to produce proge 
of high drought resistance, seedlings fre 


taxonomists as to the nomenclature} 


green ash in the Prairie-Plains region, prairie ash (Fraxinus campestris Britt.) and green | 


(F. pennsylvanica lanceolata (Borkh.) Sarg.) 
as green ash, 


*Preliminary tests are described in a previous paper: Meuli, L. J. 
green ash as affected by geographic origin. Proc. Minn. Acad. Sci. 4: 38-42. 


“Shirley, H. L. A method for studying drought resistance in plants. 


1934 
‘Fisher, R. A. 


Edinburgh and London. 1928. 


Statistical methods for research workers. 


have been grouped together and will be conside 


Drought resistance: 


1936. 
Science 79: 14 


Ed. 2, rey. and enl., 269%) 
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Region II showed intermediate resistance, 
and those from Region III, low resistance 
(Fig. 1). A similar tendency for drought 
esistance of seedlings to increase from 
outheast to northwest was apparent within 
sach of the three regions. The differences 
within each region, however, were too 
slight to be considered significant. From 
‘the data available, differences between 

tock from supposedly drier upland sites 
and more moist lowland sites were like- 
ise not significant. By using larger 
“numbers of plants from each region, to- 
gether with a better separation of soil 
types and site conditions, it is believed 
‘that significant differences would be ob- 
tained from smaller areas than those used 
‘in this study. 

Several other relationships which were 
brought out during the course of the 
study are presented in Table 1. For ex- 
ample, it was found that there is a direct 
‘correlation between drought resistance of 
green ash and climatic drought conditions 
of the Prairie-Plains region as expressed 
by the average interval between heavy 
‘rains. Thus the seedlings which showed 
the greatest resistance to drought were 
‘consistently associated with the region 
showing the longest drought periods. Al- 
though it may be questioned whether any 
‘single climatic factor can properly ex- 
press the severity of such periods, it is be- 
lieved that the average interval between 
heavy rains is representative of conditions 
as they exist in the Prairie-Plains states. 
_ Another interesting relationship is ex- 
hibited between the size of seedlings and 
parent trees and drought resistance. Since 
-a marked decrease in size of both parent 
trees and progeny was recorded from 
‘south to north and from east to west in 
the collection area, it can be said that 
high drought resistance is associated with 
‘small-sized trees and seedlings. Although 
‘the results of the tests described here 
‘might be claimed undependable because 
of the great variation in the size of the 
‘seedlings, repeated sowings of seed from 
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the three regions produced plants which 
consistently exhibited differences in their 
characteristics of growth. The difference 
in seedling size also seems to be related 
to the rapidity of seed germination, the 
rate of growth, and the time of dormancy 
of seedlings from different areas. 

Variations in leaf color is another char- 
acteristic indicative of the existence of 
climatic races which was repeatedly ob- 
served among the seedlings tested. As 
shown in Table 1, the percentage of seed- 
lings from: Region I with dark green 
leaves was much greater than those with 
light green foliage. With the progression 
to the south and east this difference was 
gradually reversed until, in the less 
drought resistant Region III, the percent- 
age of seedlings with light green foliage 
was slightly greater than those with dark 
green leaves. 


SN MISH RESISTANCE 


2] MEDIOM RESISTAL 


iY LOW RESISTANCE 


@ SEED COLLECTION 
STATIONS 


Fig. 1—Map of Prairie-Plains states showing 
drought regions and location of seed collection 
stations. 
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DiscuUSSION AND CONCLUSIONS 


Generations of natural selection appar- 
ently have resulted in the development of 
climatic races of green ash in the Prairie- 
Plains region characterized by physical 
differences and varying resistance to 
drought. That these differences can be 
transmitted in the seed is well demon- 


TABLE ] 


PHYSICAL CHARACTERISTICS OF GREEN ASH IN RELATION TO 
PLAINS REGION 
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strated by the constancy of these growt 
characters in seedlings from this larg 
area grown under identical conditions i 
the greenhouse. 

The differences in resistance of gre 
ash seedlings to drought are so great ¢€ 
to merit consideration of the results pre 
sented in any selection of seed or sto 
for planting in the Prairie-Plains states. 


DROUGHT RESISTANCE IN THE PRAIRI 


Seedling stock 


Seed Relative No. leaves Intensity of Parent trees 
collection Interval between drought Size of stock per leaf color Average Averag 
region heavy rains resistance Small Large plant Light Dark d.b.h. heig 
Days Per cent Per cent Inches Fe 
J 107 100 84 16 7 10 90 5.3 24 
II 73 79 39 61 36 64 
Ill 45 67 24 76 52 48 
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Se eae BEEDE, since 1931 a member of the faculty of The Pennsylvania State 
College, has been appointed director of the Department of Forestry of thal 
institution. Professor Beede received the M.F. degree from Yale University in 1912 
Following his graduation he served as a forest assistant in the U. S. Forest Service 
as assistant state forester of New Hampshire, as secretary of the N. Y. State Forestry 
Association, and as assistant manager of the Timberland Mutual Fire Insurance 


Company of Portsmouth, N. H. 


In 1918 he became associated with the Browr 


Corporation as forester in Canada, and later travelled for that firm through Nor 
way, Sweden, and Finland, observing woods practice in pulpwood operations. I 
1931 he joined the faculty of the Department of Forestry at Penn State, and in 1935 


was appointed associate professor of forest management. 


John A. Ferguson who has retired. 


He succeeds Professo: 


BRIEFER ARTICLES AND NOTES 


— 1% able’ 


meeting place of all foresters com- 

ing to the thirty-seventh annual 
‘meeting of our Society. The Program 
Committee has been busy for several 
‘months preparing an interesting and 
worthwhile schedule of papers, reports, 
and discussions. An active Committee on 
Arrangements is busily planning for a big 
and friendly get-together. 
__ Among the general themes for half-day 
Sessions are What’s New in Forestry, Co- 
“operative Efforts in Forestry, Economic 
Considerations in Private Forestry, and 
Significant Forestry Problems and Trends. 
_ Among the specific topics that will be 
considered are: Land Use Problems in 
‘New York State by William G. Howard, 
‘The U. S. Resettlement Land Utilization 
Project in the Northeast by Philip Butt- 
‘rick, Forest Ownership and Jurisdiction 
by F. W. Besley, Economic Relationship 
of Forestry and Industry by E. A. Ster- 
ling, New Devices and Ideas in Forest 
Fire Control by Roy Headley, and Co- 
operative Marketing of Forest Products by 
K. E. Barraclough. 

Other special topics that will be con- 
sidered are: In-Service Training for For- 
esters, Recent Radio Progress in Forestry, 
New Administrative Setups in State For- 
estry, The Forestry Program of the Paper 
Industry in the South, Industrial Problems 
‘of Forest Practice in the West, Industrial 
Evolution and Forest Practice in the 
Northeast. 

A number of additional papers and re- 
‘ports on important phases of forestry and 


Sete New York will be the 


ANNUAL MEETING—SYRACUSE, NEW YORK 
December 16-18, 1937 


of special interest to the members of the 
Society will be added in making up the 
final program. 

Members who desire to participate in 
the program or who wish to make sug- 
gestions for its development should com- 
municate promptly with Dr. Joseph S. 
Illick, Chairman, Program Committee, 
College of Forestry, Syracuse, N. Y. 

The Division of Education will hold its 
meetings on Wednesday afternoon and 
evening, December 15. A special program 
is being arranged by the Chairman, Dr. 
Henry Schmitz, University Farm, St. Paul, 
Minnesota. 

Thursday evening, December 16 will be 
left open for special group and school 
meetings. A number of alumni groups 
have already made arrangements for din- 
ner meetings and other gatherings. 

The annual banquet is scheduled for 
Friday evening, December 17. There 
will be no speeches. Instead, the Alle- 
ghany, the New England, and the New 
York Sections have each agreed to pre- 
sent an entertaining skit. 

Field trips are scheduled for Saturday 
afternoon, and more extended trips can 
be arranged for the week-end through the 
Committee of Arrangements of which 
Dean Samuel M. Spring of the New York 
State College of Forestry at Syracuse is 
chairman. 

The Syracuse Hotel, East Onondaga and 
South Warren Streets, has been designated 
as the official headquarters. Rates are 
quoted as follows: 
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Single rooms with bath — $2.75, $3.00, $3.25, $3.50, $4.00, $5.00, $6.00 


Double rooms with bath... 
Twin-bed rooms with bath 


Reservations should be made direct with 
the hotel management. For those wishing 
other hotel accommodations, a consider- 
able number of good hotels giving a wide 
range of rates is available in the center 
of the city and accessible to the central 
meeting place. 

The Committee on Arrangements is 
putting forth special efforts to provide 
entertainment for the ladies. Be sure to 
bring them, and tell them that Syracuse 
is a good place for Christmas shopping. 
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A Tevescopic Measurinc Mast 


All sorts of instruments of varying de- 
grees of accuracy and complexity exist 
for measuring the heights of trees. It 
has been the experience of the writer 
working in the tropical forests of Ceylon 
that none of these instruments are really 
satisfactory for obtaining reliable data in 
dense forests or in close plantations. 

A hypsometer, or any instrument which 
necessitates taking sights on the top and 
bottom of a tree, is useful in open coun- 
try or where the stems stand out clearly 
and can be seen throughout their heights, 
but any instrument depending on the ac- 
curate reading of angles is liable to give 
faulty figures if these conditions do not 
exist. 

In addition to the difficulties of taking 
sights with these instruments the majority 
of them require the measurement of hori- 
zontal distances and necessitate the use 
of tables. 

For these reasons the writer recently 
set about attempting to develop the good 
old primitive methed of placing a stick 
or mast of known height along side the 
object to be measured. The mast evolved 
is primarily intended for measuring the 
heights of trees in the younger planta- 
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$4.50, $5.00, $5.50, $6.00, $7.00, $8.00 
$5.50, $6.00, $7.00, $8.00 


tions and especially in permanent sam 
plots. 

It was fairly evident at the outset t 
certain conditions would have to be ft 
filled if the mast or measuring stick wo 
be of practical use. It had to satisfy t 
following requirements: 

(a) Be light enough to be handld 
easily and carried from place to place., 

(b) Be strong enough to withstar 
fairly rough treatment. 

(c) Not be so long as to be unwiele 
when telescoped. 

(d) Be rigid when extended. | 

(e) Be capable of measuring heigh 
which could be obtained otherwise om 
by the use of instruments or by fellin 
sample trees. 

(f) Be reasonably durable to withstar 
any ill effects of wetting and drying, dar 
age from damp and the attacks of whi 
ants. 

(g) Be easy and quick to use. 

(h) Be cheap to construct. 

The mast which is illustrated in Figu: 
1 was constructed to satisfy these cond 
tions and has been tested in the field f 
the purpose for which it was primari 
intended viz: the height measurement | 
trees in sample plots in plantations. 

The mast is constructed in three se 
tions fitting one inside the other, referre 
to hereafter as mast numbers 1, 2, and 
When telescoped the mast is 20 feet his 
and when extended is 48 feet high. Ma 
number 1 is 20 feet in length. Ma 
number 2 is 20 feet in length with an « 
tension of 18 feet and mast number 3 
14 feet in length with an extension 
10 feet. 

The main mast (No. 1) is triangular 
section (see Figure 2) and is construct 
of %%-inch thick spruce except for o 
side which is plywood to reduce weigl 
Weight was also reduced by boring hol 
in staggered lines through the %-in 


spruce sides. Incidentally these holes al- 


_ Mast No. 2 is three sided and built of 
$¢-inch spruce. There is a staggered line 
of holes bored in each side of this mast 
to reduce weight and provide circulation 
of air. 


(This mast might, 
with advantage, be made triangular in 
ection.) 

_ The masts are hoisted by means of 
halyards attached, in the case of mast No. 
2, 11% feet from its base and in the case 
of mast No. 3, 31% feet from its base. 
e halyard for No. 2 mast passes up 


_ vse 9 Saeed re Real trie ed — 


Fig. 1.—Telescopic mast erected ready for 
extension. 
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inside the main mast and over a small 
brass pulley attached 6 inches from the 
top of the main mast. This ensures that 
exactly 18 feet of mast No. 2 is extended 
when it is fully hoisted. The halyard is 
made fast to a cleat fixed about 4 feet 
from the bottom of the main mast. 

In the same way the halyarc of mast 
No. 3 passes over a pulley 6 inches from 
the top of mast 2 and thus provides for 
the third extension of 10 feet. 

The wood was painted with preserva- 
tive before being joined together and the 
exterior of each mast is marked off in 
feet painted alternatively black and white. 

The weight of the completed mast is ap- 
proximately 27 pounds. It can be carried 
conveniently by one man. Two men are 
required to erect the mast anc hold it 
fully extended. 

The mast telescopes of its own weight 
when the halyards are released. This type 
of telescopic mast has the advantage of 
giving the direct height measurement of 
either the whole tree or a portion of it. 
The height can be read either from the 
rod or from marks at foot intervals on 
the halyards. 

The experimental mast in question cost 
approximately $7 complete but this cost 
could be somewhat reduced. 


W. M. McNEILL, 


Senior Assistant Conservator 


of Forests, Ceylon. 
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Fig. 2.—Cross section of mast. 
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Forest Pianninc: How Far Can WE 
SEE? 


Long range prophecy is a pleasant oc- 
cupation. If its proving out is far enough 
in the future, the prophet, by assuming 
a learned manner, and a certain plausibil- 
ity, may command respect for many 
years. Forestry, being a very long range 
proposition, is a grand field for such 
prophecy. And at least a few foresters 
seem to realize it. 

For instance, there are some who would 
lead us to believe that economic research 
can predict the future demands for tim- 
ber and thus provide a basis for deter- 
mining how many acres to use for timber 
growing.! There are those who warn lest 
we have so many acres of timber that 
there will be no “profit” in it, and there- 
by cause forestry to collapse. 

Actually and realistically, however, how 
far can we foresee the demand for stump- 
age? Ours is an age of economic bar- 
barism. Purchasing power lags far be- 
hind producing power. Until the former 
catches up, therefore, it is the controlling 
factor. Who can predict the future 
changes in purchasing power? With no 
basis for predicting its increase or de- 
crease, is not prediction of stumpage de- 
mands extremely hazardous? Moreover, 
given perfect control, keeping purchasing 
power abreast of producing power, would 
not long range predictions be even more 
hazardous because of the unpredictability 
of what the latter will be as many years 
hence as a seedling takes for growing into 
sawtimber. 

Might not other eventualities also affect 
consumption markedly? Economic ad- 
justment that would permit one-third to 
one-half of the population, ill-housed to 
have good housing, what difference might 
that make in the demand for timber? 
Widespread decentralization of industry, 


; 3 
Josephson, H. R. Economic research and 
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resulting in extensive construction and 
construction in rural areas where wi 
remains a leading material of constr 
tion, what difference might that ma 
Prolonged wars with American capitali 
profiteering in materials, including woe 
what difference might that make? N 
chemical processes, what differences mig 
they make? Restoration of the for 
themselves, to the point where they agg 
yield high quality material of low ce 
version cost, what difference might th 
make? 


In the time it takes to raise a tree se 
ling to maturity might not any of 1 
above changes take place? In view 
these uncertainties does it not appe 
foolish to assume that economics can ti 
us how much timber to grow? 


Not profound research in long tii 
economic trends, it appears, but rat 
a little general economic and scienti 
knowledge is about all that can be us 
with reasonable certainty in planning hi 
many acres to use for timber growing: 


In forest economics are not the or 
things we can know for reasonable sure 
(1) that timber consumption, like 1 
consumption of all products in the rece 
past, has been a starved consumptie 
starved by deficient purchasing powe 
(2) Given abundant purchasing pov 
and favorable conditions, consumpti 
might be vastly expanded? Moreov 
(3) given a continuation of past tren 
producing power probably will expa 
also? 


In the general scientific field, similar 
are not the only things we can know w 
confidence, (1) that among the uncerta 
ties created by science, perhaps the le 
uncertain is that industry will depe 
more and more upon organic raw mé 
rials produced by plant crops; and ( 
probably no crop will produce more r 


forest planning, Jour. For. 35:744-746. 1937. 


_ ing for sustained yield? 
_ of timber might “deprive” him of “profits” 
_ who wishes to profit on the bounty of 
nature in growing the timber, as distinct 
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organic matter per acre per year than 


forests, and moreover, store it on the 


stump indefinitely pending need for it. 


But is not this sufficient basis for keep- 


ing the available forest lands productive, 


building up growing stocks, and regulat- 
True, a surplus 


from him who aims to profit through his 


_ work in converting the timber into usable 


Se ee 


products. Will not the public, however, 
benefit from an abundance of stumpage? 

Adding to the argument for abundant 
stumpage, the good to be done through 
watershed protection, recreation, wildlife, 
employment in forest restoration and de- 
velopment, do we not have an iron-clad 


case for devoting all available land to 


forestry? If this means uncertainty as to 
“profits” on stumpage, does it not mean 
that private forestry must depend to a 
greater degree upon returns from operat- 


ing the stumpage, and thus own timber 


lands primarily to insure itself a supply 
of stumpage to operate (as distinguished 
from stumpage produced for sale). 


Although economic research apparently 
can help but little in telling us how many 
acres of timber to grow, should it not at 
least tell us how much and what kinds 
to cut, currently? Should it not also 
tell us the extent to which, and through 
what devices, forestry currently can be 
related to the needs of the people, e.g. 
through providing needed supplemental 
employment to one or two million under- 
employed farmers of the forest regions? 
Can it not helpfully predict short term 
changes affecting forest industries? Aren’t 
such as these the natural and logical fields 
of forest economics, rather than prepos- 
terously to strive for a planned scarcity 
of stumpage? 


ELLery Foster, 
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Norway versus Rep PINE 


On July 1, 1937, the Associate Chief 
of the Forest Service, in order to correlate 
and standardize Forest Service and other 
usages in the Department of Agriculture, 
issued an official ruling that the species 
Pinus resinosa, hereafter be called “red 
pine” instead of the name “Norway pine” 
used in Sudworth’s check list (latest issue, 
March 1927). It is stated that the name 
red pine is honored by long and extensive 
usage. Nothing is said about the extent 
of the usage of the name, Norway pine, 
which is now officially discarded. 

The effort to substitute the name red 
pine for the universally accepted popular 
term Norway pine has been going on for 
40 years, and no official order will ter- 
minate the continuance of the accepted 
common usage. The only result will be 
that, whenever the name red pine is used 
in timber sales, contracts, or popular lit- 
erature, an explanation will have to ac- 
company it or the public will not know 
what species is referred to. No particular 
difficulty will be experienced with botan- 
ists, and foresters have been exposed to 
the substitute name for so long that most 
of them will know what is meant. But 
in the opinion of the writer it will be 
about as difficult to dislodge Norway pine 
from the vocabulary of the woodsman and 
dealer as to establish the use of the metric 
system in American economy. 

This is not a case of choosing one of a 
number of popular names loosely em- 
ployed by the public. Pinus resinosa 
never was known by any other common 
name except Norway pine, and is as uni- 
versally recognized by that term as is 
Pinus strobus by its common name. 

Scientific and professional objections to 
the false inference of its possible importa- 
tion as an exotic probably gave rise in 
the distant past to the substitute term, 
red pine. Actually, the most probable 
origin of the name “Norway” was the 
rather extensive stand of Pinus resinosa 
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discovered and exploited near the town 
of Norway, Maine. The original deci- 
sion, embodied in the check list, to call 
this pine by its accepted popular name of 
Norway pine was made as the result of the 
initial activities of the Forest Service in 
Minnesota in 1902, under the Morris Act. 
Under the provisions of this Act the In- 
dian timber, consisting of considerably 
over one-half Norway pine of superior 
quality, was sold, and the Chippewa Na- 
tional Forest established. 

In 1914 the U. S. Department of Agri- 
culture published Bulletin 139 “Norway 
pine in the Lake States,” by T. S. Wool- 
sey, Jr., and H. H. Chapman. Practically 
all literature issued by the Forest Service 
has used this designation as has that of 
the Minnesota Forest Experiment Station 
at Cloquet. The name red pine has been 
used largely in the East and by those who 
have never been in contact with the pine 
in its natural home or commercial setting. 

Through a rule of priority which has 
been observed to the utmost ridiculous 
extremes, egotistical botanists have too 
often upset accepted Latin names for tree 
species, but this practice does not affect 
the business administration of forest prop- 
erbies. 

Possibly it makes no difference what 
the lumberjacks, farmers, and the lumber 
and wood-using industries of Minnesota, 
Wisconsin, and Michigan call this pine. 


It probably would not if the tree were as" 


relatively unimportant there as it is where 
the named red pine originated. But to 
most of those who have the problem of 
growing, cutting, and selling this species 
in the Lake States the arbitrary introduc- 
tion of a name new and unknown to all 
but foresters, for the Norway pine will, 
unless always accompanied by the word, 
Norway, in parentheses, lead to endless 
confusion and unnecessary irritation. The 


“arguments against the attempt to force 


red pine into common usage are as strong 
now in these states as when Sudworth 
originally decided to accept Norway pine 
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as the common name for the Pinus rest-- 
nosa. 
H. H. CHapMan, 
Yale Forest School. 


BRR 


NAVAL-STORES YIELDS FROM BARK-Bars 


Bark-bars, the vertical strips of un-- 
chipped wood between two turpentine 
faces, are of great interest to naval-stores: 
men. They are frequently referred to as} 
“life-bars” because of their influence on 
the gum-yielding capacity of faces, and 
because of the marked effect they have on: 
the rate of healing of faces and on the 
general vigor of the tree. 

Bark-bars 15 inches or more in width 
are required to support an 8- or 9-inch 
face, the size usually considered work-} 
able in commercial practice. The bars: 
on the ordinary back-faced tree will attain 
this width only after a long resting period 
because of the smallness of the tree when 
turpentining is started. The fact that the: 
trees are small is evidenced by the large: 
number of second-growth trees under saw- 
log size now classed as worked-out. 

Whether the wider bark-bars, e.g., those: 
8-10 inches wide, can be worked profit-. 
ably for naval stores is a question fre- 
quently asked. The financial possibility; 
of working bark-bars, of course, depends: 
largely upon the gum yield. With infor- 
mation as to yield, an operator can deter- 
mine, for his own particular operation, 
the minimum width of bark-bar likely to 
be profitable. To obtain this information, 
a 2-year study was undertaken in 1935 
by the Southern Forest Experiment Sta- 
tion. 

The experimental area in the Osceola 
National Forest, near Olustee, Fla., well 
within the active naval-stores belt, is rep- 
resentative of many worked-out, abandoned 
naval-stores areas. Prior to purchase by 
the government, frequent fires and heavy 
chipping had resulted in an open and 


irregularly spaced stand. Most of the 

trees were old-growth longleaf pines, but 

old-growth slash pines and second-growth 
longleaf and slash pines were also present. 
In all, 360 trees ranging from 6.5 to 

14 inches in diameter at 10 feet above the 

ground were selected, numbered, and mea- 

sured. Each tree had at least two worked- 

out faces. Bark-bars ranged from 7 to 28 

inches in width, and the faces placed on 

_ these bars ranged from 3 to 9 inches in 

_ width. On each tree only one bark-bar 

eras worked, usually the largest available. 

_ Galvanized cups were hung, and aprons 

and gutters were inserted in shallow ax 

cuts. A streak 1%-inch high and 14-inch 
deep was chipped each week from early 

_ April to late October of each year, making 

_ 32 streaks for the season. Cups were 
dipped after every four streaks and the 

~ gum f ht ighed; 

_ gum from each tree was weighed; scrape 

was weighed at the end of the season. 

_ The analysis of the yield data showed 

_ that the most important factors influencing 

the yield of gum from bark-bars were 

_ width of face, diameter of tree, and width 

of bark-bars at the sides of the working 

_ face (subsequently referred to as second- 
ary bark-bars). Other factors studied— 
growth rate of turpentined bark-bar, width 
of unturpentined bark-bar or bars remain- 

ing, and tree vigor, as measured by the 
proportion of the total height in live 
crown—exerted only a minor influence on 
the gum yield. 

_ Gum yield increased rather rapidly 
with increase in face width. On_ the 
average, during the first year a 6-inch face 
yielded about 50 per cent more, and a 

- 9-inch face about 140 per cent more, than 

_ a 3-inch face, and during the second year 

~ about 40 and 110 per cent more, respec- 
tively. As the diameter at 10 feet above 

the ground increased within the limits 
of 7 to 14 inches, gum yield likewise 
showed a marked increase. 


, 
o 
* 
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As secondary bark-bars increased in 
width from 1.5 inches to approximately 
8.5 inches, the yield increased gradually. 
The maximum yield for a face of given 
size was obtained with the maximum bark- 
bar width available, which permitted a 
secondary bark-bar of approximately 8 
inches at each side of the face. The 
spread in yield associated with the single 
factor, secondary bark-bar, proved to be 
approximately 20 ounces for the range of 
1% to 8 inches. Four-inch secondary 
bark-bars produced about 6 ounces more 
gum per face than 2-inch secondary bark- 
bars, all other conditions being equal. 
Gum yield increased approximately 3 
ounces for each inch increase in width of 
secondary bark-bar; this increase would 
amount to about 1 naval-stores unit! for 
a crop (10,000 faces). 

It does not seem advisable under any 
circumstances to attempt secondary bark- 
bars less than 2 inches wide at either side 
of the face. Neither does it seem advis- 
able to leave secondary bark-bars wider 
than is necessary to insure a continuous 
vertical strip of live wood, for to do so 
is at the expense of either more or wider 
faces. For general practice, observations 
have indicated that 4-inch bars at the 
sides of the face are preferable. 


Yields from slash pine averaged about 
35 per cent higher than those from long- 
leaf pine during the first year, and ap- 
proximately 15 per cent higher during 
the second year. The average yield from 
longleaf pine increased slightiy during 
the second year, whereas that of slash 
pine decreased considerably. An_ inci- 
dental, though important, fact brought 
out by the analysis of the second-year 
yields is that the narrow faces, that is, 
those 3-6 inches wide, produced higher 
yields during the second year of working 
than during the first, whereas faces wider 


1A unit consists of 1 barrel of turpentine (50 gallons) and 314 barrels of rosin (each 420 


pounds net). 
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than 6 inches produced lower yields the 
second year. 

Charts and tables prepared from the 
data? show that if 36 units per crop were 
the minimum yield which could be ac- 
cepted as profiable, and if 4-inch second- 
ary bark-bars were required, for longleaf 
a tree 14 inches in diameter at 10 feet 
above the ground would be needed, with 
an unturpentined bar of 15 inches cap- 
able of supporting a 7-inch face. For 
slash pine, there would be needed a tree 
of similar size with a 13-inch bar capable 
of supporting a 5-inch face. For a tree 
10 inches in diameter, the requirement 
would be an unturpentined bar capable of 
supporting a 9-inch face on longleaf pine 


*Liefeld, T. A—Naval Stores Yields from Bark-Bars. 


Forest Experiment Station. May 17, 1937. 
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or an 8-inch face on slash pine. 

Results obtained in this study seem to) 
indicate rather clearly that for the average? 
turpentine operator there is little chance: 
at present of further utilizing profitably, 
the narrow bark-bars (under 12 inches) | 
of “worked-out” trees. 

Essentially there seems to be little dif- 
ference between the gum yield of a bark- 
bar face and that of an ordinary face, 
although wider bark-bars on the ordinar 
face may permit a slight increase in gum: 
yields. It is largely a matter of width’ 
of face; gum yield increases rapidly a 
face width increases from 5 to 9 inches. 

T. A. LieFeLp, 


Southern Forest Experiment Station. 
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Oregon’s Wildlife Resource—Prepared 


by V. L. Sexton for Advisory Com- 
mittee on Wildlife, Oregon State 
Planning Board. xv+126 pp. (mul- 
5 figs., 9 maps. 


1936. Price, 50 cents. 


This is a very comprehensive report 


"based upon a study of the problems of 


an 
~ Oregon. 


2 
4 
x 


p 
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wildlife conservation and management in 
The report goes into detail con- 
cerning the economic and social impor- 
tance of wildlife and presents a plan for 
‘its management. Numerous data are pre- 


sented on the principal species of big 


J 
=A 
a 


3, 


. 


4 


game, furbearing animals, predatory ani- 
mals, upland game birds, migratory water- 
fowl, and fish. These data are supported 


by maps showing the distribution of big 


game by species, wildlife winter range, 
migratory bird flight paths, distribution 
of upland game birds, fish hatcheries and 


_ egg taking stations, developed and poten- 


i 


tial reservoirs and dam sites, and federal, 
state, and private game reservations. 
Although the report deals with wild- 


life, the author has not lost sight of the 


fact that wildlife management is only one 
of many uses of land. He frequently 


points out the necessity of correlating the 


scientific handling of wildlife. 


several uses and stresses the necessity of 
Perhaps 


no other resource will respond so readily 


to scientific management with a minimum 
of capital, labor, and material. However, 
“the scientific improvement of wildlife 


will have to be in harmony with the other 
uses for land and water.” 


It is pointed out that there has been a 


" decided improvement in wildlife condi- 


tions throughout the National Forests of 


Oregon in the last five to ten years, large- 
ly due to better handling by forest offi- 
cers of the many problems incident to 
wildlife management. 

The outlined plan for wildlife manage- 
ment is divided into three parts: Founda- 
tion, The Plan, and Appendix. The 
foundation includes the fundamental data 
basic to the development of the plan. 
The plan contains a discussion of objec- 
tives and the ways and means of arriving 
at them. It includes policies, regulations, 
and kill budget for first five year period 
by species and areas. In the appendix are 
explanatory and tabular data and maps 
supporting the plan and including owner- 
ship, forest classification, present wildlife 
control, factual data by species, estimated 
carrying capacity, estimated costs and re- 
turns. 

The author makes the pertinent state- 
ment that “A wildlife management plan 
must be an integral part of the master 
state plan or plans. It is necessary to 
keep in mind that management of the 
wildlife resource must be closely corre- 
lated with all other features of natural 
resources administration. 

“The plan must provide for creating 
and maintaining wildlife populations (in- 
cluding game birds and animals, fur 
bearers, game fish, and non-game animals 
and birds) large enough to supply the 
greatest sustained production (that is, 
“kill”) compatible with desired yields of 
timber and other natural resources. 

“Careful consideration must be given 
to practicable modification of timber man- 
agement so that conditions suitable to the 
propagation and development of wildlife 
will exist—so far as possible—at all 


times on all parts of the unit. For exam- 


1071 


1072 


ple: In the interests of the many species 
of game birds and animals which thrive 
best in recently cut-over areas or stands 
of young timber, and gradually diminish 
and possibly disappear as the timber be- 
comes mature and various sources of food 
in the understory disappear, the timber 
cutting budget should—wherever _ prac- 
—ticable—be so arranged that within the 
cruising range of the various species there 
will be at all times sufficient areas of 
suitable cover to maintain adequate stock- 
ing.” 

However, attention is called to the fact 
that plans must include provision for 
regulating or removing surplus stock in 
order that other resources such as tree 
reproduction, plantations, and farm crops 
may be safeguarded from undue injury by 
various wildlife species. 

The report is one of the best contribu- 
tions made by any state concerning its 
wildlife resources. It is indeed a worth- 
while addition to wildlife literature. Many 
excellent recommendations have been 
made for the scientific handling of these 
resources. Other states can well follow 
the example of Oregon in preparing a 
complete report on the status of its wild- 
life and on the best methods of managing 
this valuable resource. 


James N. Morton, 
Pennsylvania Game Commission. 
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Tax Delinquency of Forest Lands in 
Arkansas, 1932-1933, By Ronald 
B. Craig and Orville J. Hall. Arkan- 
sas Agric. Exp. Sta. Bull. 340. 70 
pp., 5 figs. 1937. 

During recent years various public 
agencies have studied tax problems in 
relation to tax delinquent forest lands. In 
some instances the studies concluded that 
the burden of taxation was the important 
causal factor, and revisions in existing 
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tax laws were recommended to alleviat 
the condition. 

A different aspect to the problem ¢ 
tax delinquency, as it applies to Arkansas 
was recently disclosed (June, 1937) in | 
study of tax problems of Arkansas 
Ronald B. Craig of the Southern Fore 
Experiment Station and Orville J. Ha: 
of the University of Arkansas. The pu 
pose of the study was to devise practice 
measures for handling and using ta 
forfeited lands in the state. In approack 
ing the problem from this broad ece 
nomic aspect, the authors show that a 
tual tax per acre or per farm has littl 
correlation with delinquency of fore 
land, but that this is closely associat 
with over-cutting and exploitation of thi 
timber, and with physical features « 
topography. 

Four counties, selected on the basis ¢ 
their forest types and extent of delin 
quency for the past 5 years, were studie 
intensively. The land shown as unre 
deemed or unsold by the state was platte: 
on maps of each township. The final ma: 
showed the tax history of each parcel 
rural land for the period studied. 

Using the final township map as a basi; 
field studies were made to determine th 
following: tenancy of tract and resideng 
of owner; status of delinquency; preser 
land use; stocking and character of fore: 
growth; site index and stand per acre 
topography, stoniness and erosion f¢ 
each land use; and the assessed valuatia 
and taxes. Each county was sampled E 
strip-line on a township basis. 

The study disclosed the following info 
mation: 

(1) Of the total area actually certiffe 
to the state (unredeemed tax delinquent 
approximately 67 per cent, or 966,0( 
acres, was forest land. The average w: 
71 per cent for the four counties intel 
sively studied. 

(2) Generally, taxes on forest lar 
were not excessive for land bearing your 


or merchantable timber, but were excessive 
for cut-over, denuded land. 
(3) The average tax per acre was 
lowest on tax delinquent land and highest 
on tax-paid land. 
_ {4) Corporate ownership was more 
stable in payment of taxes than individual 
ownership. 
_ (5) Most of the forest land involved 
‘in delinquency, irrespective of forest type, 
has badly deteriorated or has been de- 
nuded. 
_ (6) Rough, stony areas that are pre- 
disposed to erosion showed greatest per- 
centage of delinquency. 
_ The authors make the following general 
recommendations: 

(1) Additional surveys of the state to 
provide the basis for a permanent land- 
use policy, and for a program for the 
economic and social welfare of all classes 
of people. 
~ (2) Revision of laws and practices in 
‘espect to assessment and collection of 
taxes. 

(3) For forest lands, demonstrations 
and extension work in forestry, adequate- 
‘ly financed and with trained personnel, to 

assist timber owners in managing their 
lands on a permanent basis. 
M. H. Bruner, 


Extension Forester. 
kee 
Ranger Trails. By John Riis. 160 pp. 


13 figs. Dietz Press. Richmond, Va. 
1937. Price $2. 


The “elderly statesmen’ among for- 
esters will recall one Jacob Riis, the 
Danish immigrant boy who came to 
America, and after hard work and study, 
became a reporter, wrote several books 
among which was “How the Other Half 
Lives” and was a life-long friend and con- 
fidant of Theodore Roosevelt. 

One of his sons, John, likewise had the 
spirit of adventure, went West, and be- 
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came a forest ranger in Utah, Idaho, 
California, and Oregon. This John Riis, 
ex-ranger, has now written a book of his 
Forest Service days called “Ranger 
Trails.” The book has a splendid intro- 
duction by Gifford Pinchot, friend of 
T. R., and is full of forest rangers, Mor- 
mon pioneers, cowmen, sheep-herders, In- 
dians, and prospectors of pioneer days. 
It contains many stories of the early days 
of the National Forests and of the begin- 
nings of conservation in the United States. 

The book is most readable and full of 
racy western stories of ranger adventures 
with much realism, humor, and_phil- 
osophy. There are humorous and harrow- 
ing ranger experiences of days on the La 
Sal, Cache, Santa Barbara, and Deschutes 
National Forests. The book is real early- 
day Forest Service and conservation his- 
tory, ending with a touch of romance. It 
will interest every forester and Forest 
Service man, old and young; there are 
many such books in the heads and hearts 
of many an old-time ranger. The pro- 
fession needs more of such experience 
stories to keep it human. 

The volume has 13 chapters, 13 half- 
tones in green tint, inside cover picture 
maps, and is well printed and attractively 
bound. 

Joun D. GuTHRIE, 
Civilian Conservation Corps. 
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Land Utilization in New Hampshire. 
I. Problems in the Back High- 
land Areas of Southern Grafton 
County. By Harry C. Woodworth, 
Max F. Abell, and John C. Holmes. 
N. H. Agric. Exp. Sta. Bull. 298. 
70 pps illus. 193%. 


This realistic, down-to-earth little pub- 
lication is the first of a proposed series 
of reports on land utilization in New 
Hampshire by the Agricultural Experi- 
ment Station of that state. Pointing out, 
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in a brief foreword, that the publication 
marks a venture of the station into a new 
field of research, Director J. C. Kendall 
writes “It is a field of the utmost im- 
portance, involving the relationships of 
man to his local environment and institu- 
tions and to the land itself.” 

In one paragraph of the introduction 
perhaps is the underlying philosophy of 
this venture. The paragraph reads: 

“It is very easy for a state, absorbed 
in the progress of the expanding and de- 
veloping portions of its agriculture and 
the growing demands of its industry, to 
ignore and leave untouched the areas that 
fall behind. Some would avoid a descrip- 
tion of the plight of stranded families and 
place all emphasis on the happier portions 
of the social order. But a state should 
face frankly the maladjustments in cer- 
tain of its areas and seek to discover 
means of realignment of people, land, and 
institutions.” 

The following highlights from the sum- 
mary of the report are indicative of the 
manner in which such maladjustments 
have been faced in one area and how pre- 
sumably they will be faced in other areas 
in the state: 

“This bulletin reports a land use study 
of an area in southern Grafton County, 
New Hampshire, where approximately 
190,000 acres of rough upland—moun- 
tains, hills and small valleys—is inhabited 
by 289 families. 

“One hundred and eighteen of 252 farm 
operators sold less than $50 of agricul- 
tural products, and only 19 sold over 
$1,000. 

“Most families were dependent upon 
outside work for their living, and little 
productive employment was available. 

“Approximately one half of the families 
had a net earned cash income of less than 
$200. 

“The soil and climate are especially 
favorable for the development of timber, 
which seems to be the chief potential 
resource. 
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“Under private ownership by indivi 
uals and by corporations, however, thes 
resources have been depleted, and _ th: 
local people have little relation to th 
timber in employment or in management 
The forest area is badly culled but woule 
lend itself to intelligent management ix 
building future resources. 

“The presence of scattered isolatee 
places requires costly services in schoo 
transportation and road maintenance. Thi 
in time results in higher tax rates and di 
couragement to timber management. 

“One solution to the problem is to dé 
nothing about it. In this case the timbe: 
resources would continue to decrease, ane 
most of the inhabitants would either b 
forced out or would require relief. 

“It is doubtful if these particular peo! 
ple can improve their situation by merel: 
moving to some other area. 

“Four interrelated programs are sug: 
gested: 

Realignment of people to the resource: 
and institutions by relocation of isolatee 
homes to the vicinity of main roads. 

Reorganization of local governmen 
units and readjustment of public services 

Development of resources, mostly tim 
ber. Relation of the resources to loca: 
people through employment. 

“Realignment of people would resul 
in savings in cost of public services. Re 
organization of local government woul¢ 
lower its costs. Development of resource: 
would provide possibilities of productiv: 
employment. Relation of resources to thi 
local people would give the necessary em 
ployment to farm operators.” 

In relation to the timber resources th 
report says “The only possibility of fores 
management and continued cutting accord 
ing to growth yield is through publi 
ownership or public control.” Public con 
trol through a “Forest Conservation Pre 
gram” is suggested as preferable to publi 
ownership. This program as outlined i 
the report would involve benefit payment 
to timberland owners for compliance wit 


eeded measures of forest practice. The 
port states that this would require a 
maller investment of public funds than 
public acquisition, and is preferable “be- 
cause the people could be more easily and 
satisfactorily related to the resources.” 
This is the only major point on which the 
report is not wholly convincing. Specific 
estimates are not given to show the extent 
to which the proposed “Forest Conserva- 
tion Program” would involve a smaller 
outlay of public funds, or smaller ultimate 
‘cost to the public, than actual public 
ownership, nor is there a convincing dis- 
cussion of the specific way in which such 
_a program would work to achieve the de- 
sired objectives. This weakness, if it can 
be called a weakness, does not detract 
Brom the excellent analysis of the basic 
problems. If further consideration is 
Brendes of alternative approaches to the 
: desired forestry objectives, no better spur 
to sincere effort could be asked than the 
“report’s incisive analysis of the forest’s 
‘relation to the social and economic wel- 
fare of the community. 
; ELLERY Foster. 
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Der Léssboden in seiner Beziehung 
zur Waldvegetation (The Rela- 
tion of Loess Soil to Forest Vege- 
tation). By A. F. Kofoedhansen. 
Acta Societatis Botanicorum Poloniae 
1 -239-200., 1939. 


The chief purpose of this article is to 
call the attention of foresters to the gen- 
eral unfavorableness of loess soil to forest 
vegetation. On the basis of practical ex- 
perience covering more than a decade in 
directing forestry in Iceland, supplemented 

by work in Denmark and extensive travel 
in Russia, Kotoedhansen comes to the con- 
clusion that loess is physically and chem- 
ically unsuited to forest growth. Loess, 
which covers the parent rock formation 
in Iceland, is a pure mineral type of soil 
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composed of a homogeneous mass of ex- 
tremely fine-grained particles. It contains 
very little organic matter and has great 
density because of its fine consistency and 
compact deposition. Because of its den- 
sity, water can percolate through it only 
with great difficulty. Precipitation, there- 
fore, does not sink deeply into the soil, 
so that it becomes “bone-dry” within 
three or four hours when warm, clear 
weather follows even twenty-four hours 
of rain. Upward movement of ground 
water is prevented by the physical nature 
of the soil. 

Kofoedhansen does not believe that the 
absence of forests in such loess regions as 
the prairies of North America and the 
Russian steppes can be attributed to low 
temperatures. In Scandinavia, where the 
summers are considerably cooler than in 
the Iceland lowlands, tall forests of spruce 
and pine occur, whereas in Iceland only 
scrubby thickets of shallow-rooted birch, 
mountain ash, and willow are found with 
a scattering of juniper. The unfavorable 
effect of loess on forest vegetation is fur- 
ther demonstrated by the results of planta- 
tions, both of deciduous and of coniferous 
species, made in Iceland since 1900. 
Plantations on deeply cultivated and 
heavily fertilized soil, such as gardens and 
fields, have thrived, while the trees set 
out on areas with no prior cultivation, as 
within the forest, have made practically 
no growth. Inadequate _ protection 
against adverse climate can not be the 
cause of these differences, because the 
trees planted within the forest are better 
protected than those in the open. Finally, 
copious precipitation can not counteract 
the detrimental influence of loess because 
its only result would be that the water 
would either run off or collect in pools 
and evaporate without materially increas- 
ing the soil moisture. 

Two methods of afforesting of loess 
soils in Iceland have been found success- 
ful. In the first method, small areas of 
turf are cut so thin that the network of 
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roots is exposed, and are raked over and 
used to fertilize the directly seeded spots. 
In the second method, pieces of turf are 
removed entirely and placed with the 
grass-side down close to the spot from 
which they were removed and left there 
for a year. During that time, the grass 
and roots of the removed sod and those 
of the turf covered by it die. At the end 
of a year the cut turf is replaced in its 
original position with the dead-grass side 
up, and is sown with seed. The dead or- 
ganic materials serve as fertilizer. Siberian 
larch has been found particularly suitable 
for afforestation in Iceland despite its nor- 
mal taproot system. 


Pau. W. STICKEL, 
Northeastern Forest Experiment Station. 
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Growth of Second-Growth Pine on 
the Coastal Plain Soils of Ar- 
kansas. By Lewis M. Turner. Arkan- 
sas Agric. Exp. Sta. Bull. 342. 52 
pp. 1937. 


In a study aimed to determine the rela- 
tive pine-growing capacity of the coastal 
plain soils of Arkansas, and the extent to 
which pine is adapted to particular soil 
types, Turner has uncovered information 
that should be of direct interest to re- 
search workers in forest ecology, and to 
those practical foresters who are trying to 
correlate productive capacity of soil with 
forest management. 

The more important conclusions of the 
study are briefly as follows: 

(1) Adaptability of loblolly shortleaf 
pine to a particular site depends to a 
measurable degree upon the soil type, or 
phases of soil types. Poorly-drained 
heavy clay, hardpan prairie soils, soils 
predisposed to frequent or prolonged 
flooding, and those sloping more than 6 
per cent tend to preclude development of 
loblolly pine. 
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(2) Height-growth of shortleaf anc 
loblolly pines varies with the soil con 
ditions. The rate of growth is relatec 
to recognizable and measurable site-so1i 
complexes, such as are expressed ir 
phases of specific soil series types, or ir 
certain soil profile patterns. 

(3) Ecologically, pine in the coasta 
plain appears to occupy a pioneer stage 
in succession. Pure stands are usually 
the result of some catastrophe, such as < 
tornado or the removal of the origina 
forest by cutting. 

(4) Pine is less able to compete with 
associated hardwoods on soils of the 
higher site indices. 

(5) Management plans for coastal plair 
forests should emphasize cutting of in 
ferior hardwoods in order to maintair 
a more desirable proportion of pine. 

The study, which was carried on from 
1933 to 1936, is one of a series designed 
by the Arkansas Agricultural Experimen) 
Station to answer pertinent forestry prob: 
lems in the state. 

Four typical areas in the coastal plair 
were intensively studied, by examinatior 
of 222 quarter-acre and half-acre plots: 
located on phases of 22 soil series types 

M. H. Bruner, 


Extension Forester. 
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Forest Conservation in the Westerr 
Pines. 24 pp. Illus. Western Pin 
Association, Portland, Oregon. 1937 


Free. 


This attractive booklet shows pictorialh 
—there is little more than one page o 
text, aside from the captions of the pic 
tures—the application of selective loggin; 
and other forest practices in the westen 
pine forests, which are stated to contail 
150 years’ supply of sawtimber at th 
present rate of cutting. Copies of th 
booklet are available on request to th 
Association. 


CORRESPONDENCE 


_ Dear Dr. ScHMITz: 


We have just received the August issue 
of the JouRNAL OF Forestry in which | 
v read with great interest your editorial 
> “What Will ie Harvest Be.” As the wife 

of one of those young men with whom it 
J deals, I can not refrain from making some 
? comment upon it. 
_ As background for these comments, I 
might mention that my husband graduated 
from the School of Forestry at the same 
ey which I attended, in 1933, just 
in time to step into the Emergency Con- 
servation Work in its infancy. We were 
“married within the year and since then 
have lived in four widely separated loca- 
tions, on as many National Forests. My 
husband’s work has been well varied and 
_he has gained much from the experience 
_ of working on four different types of for- 
est. I believe that I am correct in say- 
_ ing that his opportunities and experiences 
have been quite the average of his age- 
class. 

During these four years I have lived as 
close to the work as facilities permitted, 
even to living in a tent for two winters. | 
have associated with these young men and 
their families and feel that I have become 
sufficiently well acquainted with them and 

their circumstances to judge them. [| 
heartily agree with you that these men, 
although filling their routine duties credit- 
ably, are falling or have fallen, into a 
rut; that they are not developing pro- 
fessionally or intellectually. These men 
whom I have known have been of all de- 
grees of ability and training, yet with 
almost no exceptions they are practically 
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where they stood when they entered the 
work. 

You say: “There appears to be little 
or no incentive to develop professionally 
or intellectually”. That is all too true. 
It is equally true that the sports page and 
the “funnies” are read with more avidity 
than professional or serious books and 
papers. But why is this so? As I see it, 
the primary factor is best phrased in a 
trite but none the less true expression: 
All work and no play makes Jack a dull 
boy. The men who can work days on end 
without relaxation are few and far be- 
tween, and even they are burned out be- 
fore their natural time. These young for- 
esters in the camps with which we have 
been connected work in the. field during 
the day and then must spend long hours 
in the evenings, as well as mornings and 
weekends, writing up reports of what has 
been done, making maps, etc. Except for 
a few moments “stolen” from these pa- 
pers to read the sports page and the 
“funnies” or to play a game of cards, all 
their time is spent in working, eating and 
sleeping, and traveling. 

The second factor which I have ob- 
served is that of residence. For the ac- 
complishment of this large amount of 
paper work and for the protection of the 
forests the men are required to spend 
most of their time in the camps. A very 
few are fortunate enough to find resi- 
dences for their families close enough to 


camp for them to be home nights. We 
have been so fortunate only once, and 
then we lived in a tent of our own. We 


certainly can not be termed choosey about 
our mode of living. 
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Now, I fully realize that the type of 
work in which he is engaged will take 
him to remote districts where living fa- 
cilities are scarce and of low grade. I 
can put up with what is offered. And I 
am perfectly willing to be separated from 
my husband at sueh times as the protec- 
tion of the forest requires it, as now in 
this high fire hazard weather. But I see 
no necessity for keeping these men on 
duty twelve and fourteen hours a day, 
all week long, often for several weeks in 
succession, when there is no danger to 
the forests. To be sure, they are sup- 
posed to have certain week-ends off, but 
many times these must be given up to get 
out the reports on schedule, or for some 
other less important reason. Any profes- 
sion requires a period of distraction in 
which one can get away from the immedi- 
ate problem and gain perspective. You 
can not view a problem from all angles 
when you are sitting on top of it. I fail 
to see how these men can retain their 
interest in their profession 
kept on the job for days 


when they are 
and weeks on 


end without relaxation or letup. 
There is enother point which I feel 
should be considered here. Of what use 


is it to conserve our resources if we de- 
stroy the homes for which they are being 
preserved? Many times I have heard 
folks say that a forester should never 
marry for he has no home life. How 
true I have found it! Our son will not 
let his father do anything for him, since 
he is practically a stranger in his own 
home. He hardly knows if I can cook 
or not, he eats so rarely at home. And 
as for church attendance, that is almost 
out of the question. The few hours he 
has at home are usually spent attending 
to personal business affairs. Surely these 
government employees are setting a poor 


*Editor’s note. 
withheld. 
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This is not an anonymous letter. 
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example for the present theme of more 
leisure for everyone. 

Furthermore, how can a man study 0» 
read material which will be of benefit tc 
him mentally when his brain has bee 
working all day and he is mentally ex 
hausted? It is a fine thing to have < 
library, but of what use is it when you 
have no time to use it? My husbanc 
has never had time to read a complete 
issue of the JouRNAL much less study any 
of the professional volumes he has bough 
in recent years. And he is naturally < 
studious type, not inclined to lighter 
reading. 

It is all too true that time and money 
are necessary to change this state of af 
fairs. And I realize that this has been 4 
most unusual setup for foresters, with 
many mistakes made seeking to find the 
best way to accomplish the most work in 
the shortest possible time. But it doe: 
seem to me that after four years, those ir 
command should be well enough ac 
quainted with the situation to mend some 
of these faults which I have mentioned 
If anything, it has grown worse rather 
than improved. Would it not be bette: 
to accomplish less in the present and re 
tain the interest and services of these 
young men, than to accomplish much anc 
decrease the ranks of those who are t 
continue the work in the decades to come’ 
It seems to me that if living condition: 
would be improved and more leisure wer 
provided for relaxation and study, th 
study and discussion groups, the improve 
libraries, the travels which you sugges 
would naturally follow. But all this ca 
not come about unless the Society an 
the agencies who employ these forester 
think of them as human beings, not cog 
in a big machine, and give them a chance 
to develop naturally. 

A ForesTer’s Wire." 


For obvious reasons the writer’s name 


DEAR PROFESSOR CHAPMAN: 


I found the July 1937 issue of the 
JOURNAL very interesting because of the 
widely divergent views expressed in it by 
two foresters on the matter of the training 
and interests a forester should have. 

T. D. Woodbury, in commenting on J. 
H. Price’s discussion of private forestry, 
gave a fairly complete outline of what, in 
_ his opinion, a professional forester should 
possess in the way of training. In ex- 
-amining it I found that he took in con- 
siderable scientific territory. According to 
Mr. Woodbury, a “Successful practicing 
_ forester must be a many-sided individual.” 
_ He goes on to enumerate the subjects 
with which a forester should be familiar 
and they cover an extensive field. He 
_ mentions silviculture, logging, mechanical 
_ engineering, fire protection, entomology, 
L plant pathology, animal husbandry, land- 
4 scape engineering, soil technology, range 
_ management, and sociology. He ends his 
comments by saying that “the field is 
constantly broadening.” 

Continuing in the pages of the July is- 
sue, I found a letter from one of the 
_ younger foresters who dares to speak out 
while others listen. The letter writer, 
_L. R. Holdridge, does not seem to feel 
_ that technical and scientific work, accom- 
plished while in school, is of more than 
passing value to the practicing forester 
and believes that he “saw enough theory, 
life histories, and formulas in college.” 

He expresses the belief that the JouRNAL 

publishes too much material of a strictly 

scientific and technical nature and is of 
the opinion that “since forestry is such 
an interesting subject, let's make the 

JOURNAL so.” 

To me these two widely divergent views 
express clearly the lack of unified think- 
ing among foresters generally as to just 

what a forester’s training and mental at- 
titude toward forestry should be. This 
confusion will probably continue for some 
time since American foresters, who think 
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of themselves as being of a professional 
status, have quite variable degrees of 
training and experience. A forester ade- 
quately trained in all of the sciences enu- 
merated by Mr. Woodbury would be sev- 
eral times a Ph.D. and would have to 
spend many of his best years in the class- 
room or training laboratory. On _ the 
other hand, anyone employed as a for- 
ester who allows the technical training he 
acquired in school to escape him to the 
extent that he cannot recall it to his use 
merely wasted his time and would have 
been better off on a fire line or shoveling 
out a trail. 

What then should be the training of a 
forester? If you do not mind an expres- 
sion of opinion from an individual more 
or less intensively trained along one line, 
I’ll venture to say that foresters should — 
no longer attempt to be all wise con- 
cerning all things associated with forestry. 
I believe every forestry student should 
take a general college course including a 
fairly broad field of scientific subjects, 
including forestry. During his senior 
year and continuing through one or more 
graduate years he should specialize in 
some branch of forestry in an intensive 
manner and to the exclusion of other 
phases of forestry. It is true that when 
he finishes he will not be a forester as we 
now think of them but a forest pathologist 
or a forest soil technologist or some other 
forest specialist. This leads to another 
point. I might be asked the fair question 
of just what I understand by the term 
“professional forester”. To be perfectly 
frank about it, I believe that many of our 
foresters in the U. S. A. are not profes- 
sional and are doing work that is voca- 
tional in character. This is largely true 
because the sum of their training and ex- 
perience is vocational rather than of a 
professional nature. This is as it should 
be. Frequently in your writings you have 
compared forestry to medicine when dis- 
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cussing professional status. 
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workers in a hospital are doctors. Only 
a chosen few reach this professional class. 
The others, nurses, attendants, and help- 
ers, do work scientifically directed by pro- 
fessionally trained administrators and spe- 
cialists of the various sciences associated 
with medical practice. 

Regardless of how we like it, foresters, 
in order to attain true professional status 
among scientific workers, are going to be 
forced to demand higher standards and 
more academic training of the members 
of their group. In addition, fewer men 
engaged in forestry work will regard 
themselves as of the professional class 
and many more will come to realize that 
their work and their training is largely 
vocational in nature. This means that a 
forest ranger will think of himself as a 
vocational administrator of a piece of for- 
est land and he will be able to command 
the professional services of experts for 
the solution of such scientific and tech- 
nical problems as he may have. He will 
get his training in a ranger’s school. This, 
I am told, is the common practice in 
Europe and unless our forestry is to re- 
main a haphazard, empirical, partially 
scientific activity, the same practice will 
come into general application in the 
American forests. 

Briefly stated, the professional forester 
of the future will not be a forester at all, 
but a professional man engaged in work 


associated with forest activities, such as 
forest entomology, forest pathology, or 
silviculture. The forester of today who 
has a smattering of scientific facts con- 
cerning a wide variety of subjects asso- 
ciated with forestry will pass from the 
scene. Professional foresters in the future 
will be as scarce as professional agricul- 
turists are today. A few will survive 
in administrative capacities where their: 
general knowledge of forestry will enable 
them to follow intelligently the advice 
given them by professional men and to 
put into constructive use the information 
they receive. 

This is the future of professional for-: 
estry as I see it. No doubt, old timers in) 
the service will brand it as purely vision-: 
ary. I will be interested in what the 
younger members of the profession think. 
As for the JouRNAL, I believe its contents: 
are inclined to be too empirical and gen-. 
eral rather than too scientific. If you 
have followed me as far as this, I should! 
like to say in closing, that I have ap- 
preciated your militant vigorous action as: 
president of the society and I believe we: 
have ail been benefited by being jarred! 
into thinking more than we once did! 
about the problems confronting forestry. 


M. R. Harris, 
State Department of Agriculture, 
Sacramento, Calif. 
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ZEITSCHRIFT FUR WELTFORSTWIRTSCHAFT 


Review of World’s Forestry 
Editor: Pror. Dr. - Inc. F. HESKE 


The Review contains reports on forestry in various countries, by experts from 
all over the world. The articles may be published in English, French or German. 
Resumés are appended in each of the other two languages. 


Issued monthly. Subscription price for foreign subscribers 27 RM a year, plus | 


postage. Free Sample Copies on Request. May be obtained through any Book 
Dealer. 


The following separates from “Review of World’s Forestry” are in English: 


Forest taxation in America. Von Fred R. Fairchild, Professor of Political Economy, Yale 


Sen ee and Director of Forest Taxation Inquiry, United States Forest Service. 


Silvicultural experience with white pine on the Harvard Forest. Von Prof. R. T. Fisher, 
Harvard University, Director of the Harvard Forest. 40 RM. 


Trends in forest education in the United States. Von Samuel T. Dana, Dean, School of 
Forestry and Conservation, University of Michigan. 30 RM. 


The place of thinning in wattle silviculture and its bearing on the management of exotic 


conifers. Von I. J. Craib, M. F., Ph. D., Research Officer, Wattle Investigations, 
Forest Department, Union of South Africa. 2 RM. 
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HILL’S BOOK OF 


EVERGREENS 


See this beautifully- 
illustrated new book, an- 
swering every question 
about Evergreens. Produced 
by America’s leading Ever- 
green Nursery with a background of 80 years’ 
"experience with Evergreens. A cloth bound 
book, 7x9%”’, containing 320 pages. There 
are 50 chapters, including complete informa- 
tion on uses, descriptions, propagation, his- 
torical and cultural information pertaining to 
Evergreens. 360 illustrations, 45 in full color. 
_ Price $3.50, postpaid, anywhere in the United States. 
Sent with full privilege of approval. 


D. HILL NURSERY COMPANY, Dundee, III. 
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No. 1-W Tree Trim- 
mer is the most 
powerful cutting tool 
we have ever pro-f\ 
duced. It has the® 
Compound Leverf 
cutting head and will 
sever any branch up 
to 11%” in diameter 
with the slightest ef- 
fort. 6 ft. pole or 
4 longer if wanted. 


No. 44 Pole Saw for 

larger limbs. Has a 

16” blade curved or 

straight as you pre- 

fer. Peg tooth—7 per inch. Any length 
pole up to 16 ft. Longer by using extra 
sections with positive locking sleeve. 


Bartlett-Detroit Tree Paint 


= For destroying and preventing 
ae the growth of wood destroying 
tBARTLETT iffy, fungi and for_the protection of 
} TREEPAINT {|g Wounds, use BARTLETI’S TREE 


a PAINT. Easily applied with or- 
dinary paint brush. 

COMPOUND Used by State Highway Depts., 

1 BARTLETT MFGCO U. S. Gov’t., Public Utilities and 


[_DETROIT. MICH. 5 Professional Tree Experts. 
Write for Catalog 


BARTLET) = MFG: 20,0 76!5 hace Ane eye 


UNIVERSITY OF MAINE 


ORONO, MAINE 


The Forestry Department offers a four year undergraduate curriculum, leading to 


the degree of Bachelor of Science in Forestry. 


Opportunities for full technical training and for specializing in forestry problems 
of the Northeast. Eight-weeks’ camp course required of all Seniors in Forestry, in 
practical logging operations, on Indian Township, Washington County, Maine, under 


faculty supervision. 


For catalog and further information address 


FORESTRY DEPARTMENT 


Manual of the Trees of North America 


7 By CHARLES SPRAGUE SARGENT 


ORTY YEARS went into the making of this book. 


Its author, the leading authority on the trees of America, 


was the founder and director of the Arnold Arboretum of Harvard University. In it is compressed all the 
essential information on the identification, description and illustration of North American trees from Professor 
Sargent’s “Silva of North America.’? The resulting book of 900 pages and nearly 800 illustrations answers 
every question en North American tree species and gives their ranges, the properties and value of their woods 


as well as their English and Latin names. 
less than half the previous price. 


This standard book, published at $12.50, is now offered at $5.00, 
Order from 


Society of American Foresters 
Mills Bldg., 17th and Pennsylvania Ave., N. W. Washington, D. C. 


Give Your Men 


\ RANGER-SPECI 
e\ KNAPSACK PUM 


They'll Appreciate Your 
Choice of Equipment 


Equipment which lighten 
their load ... they'll prefe 
the soft, flexible bag whicl 
molds itself to the back . . 
Extremely com- and the strong cotton, rubben 


fortable and easy : . / 
to carry. Bageon- lined canvas, which canno 


forms to shape of 


your back without chafe, leak, rot or damage un 


jens or dis: der rough usage. 
. . Their backs will be kept dr- 
| ee and unaffected by cold tem 


peratures of spring water 
Your men can do a better jol 
of fire-fighting, because ther 
is less fatigue when using th 
RANGER-SPECIAL Knap 
sack Hand Fire Pump. 


5 


New Steel Latch locks mouth of bag . 
cannot come open accidentally . . . prevents 
seepage. Kmnapsacks can be carried filled 
on trucks, without losing water . .. no 
propping necessary. 


Also WAJAX High Pressure Portab 
Forest Fire Pump, Ranger-Special Line 
Forestry Hose and accessories. 


SOLE MAKERS 


FENWICK-REDDAWAY MANUFACTURING CO. 


46 PARIS ST. NEWARK, N. J. 


SL RN a 


